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Page 26, four lines from bottom, premise ‘ § 197. Muscles of Perissodactf/la,* 

„ „ thirteen lines from bottom, /or ‘ {sterno-humeralis)^ read ‘ {ceplialo-humeralis;.* 

„ 49, note ‘ for ‘ vi.,’ read ‘ vi".’ 

„ 72, note “/or ‘ cxxxi'.,’ read ‘ cxxxi.’ 

„ 81, note ^ for ‘ i/'.,’ read ‘ xxiv".* 

„ 100, sixteen lines from top, premise ‘ a. Lyencephala' 

„ 1 20, fig, 96, for ‘ xxxix".,’ read * xxix".’ 

„ 129, note ‘ for * ix'.,’ read ‘ ix'' ’. 

„ 144, note “/or ‘ Lvm'.,’ read ‘ Lvm".* 

„ 206, to description of flg. 162, add ‘ Human.’ 

„ 212, note * for ‘ xcm.,’ read • xcin''.’ 

„ 261, note ^for ‘ cv".,’ I'ead ‘ cix".’ 

„ 266, below cut 20, /or v".,’ read ‘ cv".* 

„ 266, note * for ‘ xxv".,' read ‘ xxxix".* 

„ 368, last line, /or ‘ first true molar,’ read ‘ first lower true mblar.* 

„ 412, note ‘ for * exxn".,’ read ‘ cxxii'.’ 

„ 424, note ' for ‘ exxn"., xxin.,’ read ‘ cxxir, vol, xiii.* 

„ 427, five lines from top, for ‘ §327,* read 227 and so on to ‘ J 399, p. 715,’ for 
which read * J 299.’ 

„ 428, ten lines from top, /or ‘ fig. .359,’ read * fig* 389,* 

„ 450, ‘ flg. 854f* for ‘ cxxii'.,’ read * cxxii".* 

„ 460, note * for ‘ cxxi.,' read ‘ cxxii'.’ 

„ 478, note ^for ‘ ccxxu".,* read ‘ exxn'. 

„ 479, note “/or ‘ cxn".,* read * cxxii'.’ 

„ 516, note “^or ‘ Ib.,’ read ‘ clxxix".* 

„ 635, note “/or ‘ xcvili".,’ read ‘ xcvn'.’ 

„ 636, note *for ‘ cxcii",’ read ‘ xxxiv".’ 

„ 642, note ^for ‘ exun".,’ read * cxxxi".’ 

„ 636, note *for ‘ cxcn".,’ read * xxxiv".’ 

„ 622, twelve lines from top, for ‘ flg, 489/ read ‘ flg. 489, 

„ 637, fourteen lines from bottom, for ‘ glossa,’ read ‘ fossa.’ 

„ 718, for ‘ § 400,’ read ‘ § 300 ; ’ and so on to ‘ 5 428, p. 81 3, ’ for which read ‘ $ 328.* 

„ 790, nineteen lines from top, /or * Palmtheriai read * i^palacotheria,* 
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CHAPTER XXVIL 

MUSCULAR SYSTEM OF MAMMALIA. 

The muscular tissue in the present as in the preceding Vertebrate 
classes presents the two conditions of striped and unstriped elemen- 
tary fibres : the striped kind, comprising all the voluntary muscles 
Avith those of the heart, are red : deeper coloured in Cetacea and 
Carnivora than in Um/ulata : deeper in the pectoral muscles of 
Cheiroptera than in those of the legs : paler in the pectorals and 
other muscles of the fore-legs of the Kangaroo than in the ^ psoa3 ’ 
and those of the hind-legs ; palest in some Rodentia, 

§ 192. The Diaphragm , — The chief characteristic of mammalian 
myology is the diaphragm, voL ii., fig. 139, dy Avhich, as such, is not 
more completely developed in Man than in the Monotrerne. It is 
the partition between the thoracic and abdominal cavities, fig. 1, 
vaulted and convex toward the thorax, fig. 2, and consists 
of carneous and tendinous 
])arts, the latter chiefly in 
the expanded or aponeuro- 
tic form. The caimeous fas- 
ciculi are divided into the 
‘ costal ’ or greater and the 
‘ vertebral ’ or smaller mus- 
cles. The costal ])ortions 
arise from the ensiform 
cartilage, and those of the 
eighth to the twelfth ribs, 
by fasciculi Avhich inter- 
digitate with those of the 
^ transversalis abdominis ’ 
muscle. They ascend and 
expand, arching and con- 
verging to be inserted into the external ‘ ligamentum arcuatum,^' 
VOL. HI. B 
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fig. 1^ d, and into^the\poneurosis called ^centrum tcndlneuin’ 
or ^ cordiform tendon/ ib., T. This centre is widely notched 
toward the spine, an4 divided anteriorly into three tracts, of whicli 
the right is usually ttie largest. Between the right and middle tracts 
is the orifice, c, for the inferior vena cava (^postcaval’ of Mam- 
mals). Behind the tendon, and to the left of the median line, is 
the orifice, e, for the ocsoj)hagus and pncumogastric nerves : the 

aorta, a, passes from the 
chest to the abdomen be- 
tween the ^ crura’ of the 
lesser muscle. The right 
^ crus ’ in Man arises from 
the three or four upper lum- 
bar vertebne ; the left crus 
docs not descend so low : 
both muscular bundles ex- 
pand as they rise, decus- 
sate at the (esophageal open- 
ing, and are inserted into 
the posterior concavity of 
the central tendon and in- 
ternal ligameutum arcua- 
tum, fig. 1,/. 

The diaifiiragm is most muscidar, longest, and most oblique in 
Cetacea, in whicli the central tendon is almost obsolete : by rising 
so far back, it permits the proportional extension of the lungs, 
Avhich ill the Buffono; and Manatee act as air-bladders. In the 
perissodactylc Ungulates, in Avhich the moveable ribs arc numerous 
and continued to near the pelvis, the diaphragm is also extensive, 
and much arched toward the thorax. 

§ 193. Muscles of Mouotremata , — To give an account of the 
muscular, as fully as that of the osseous, system of the Mammalia, 
would not be attended with the same advantages, even if a detailed 
myology comj)orted with the scope and extent of the present work. 
This part of Mammalian anatomy will therefore be limited to the 
notice of a few select examples. Fig. 3, from Meckel,' shows the 
more remarkable muscles of the Ornithorhynchus. The animal is 
dissected from the ventral surface ; the great ^ panniculus carnosus,’ 
], is reflected from the right side, and the deeper-seated miiiscles 
are shown on the left. The panniculus carnosus, which is remark- 
able for its thickness, encomjmsscs nearly the whole body, adhering 
most firmly to the external skin, but separated from the subjacent 
muscles, especially where it covers the thorax, abdomen, the arm. 
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and the thigh, by a copious and lax cellular tissue ; and in the 
female, at the abdominal region, by the mammary glands. Tlie 
fibres arc chiefly longitudinal, but at the lower part of the neck 
become transverse. The obtuse posterior end of the muscle is at- 
tached by tlirec or four fasciculi to the dorsal asj)cct of tlie caudal 
dia])ophyses. The legs and the arms protrude through oblique 
apertures in this muscular tunic ; some of the anterior fasciculi are 
inserted by a short tendon into the pectoral ridge of the humerus ; 
and others, still more anterior, are attached to the cranium, the 
loAVcr jaw, and loAvcr lip. A strip of fibres, which is cut off at 
1*, is attached to the os hyoidcs ; another fasciculus (i') spreads 
over the cheek-poucli, r, and assists in emptying that recc})taclc of 
the food. 

The trapezmsy 9, is divided into tAvo muscles ; the posterior por- 
tion is an oblong slender triangle arising by a broad tendon from 
the tenth and eleventh vertebras and ribs, and inserted l)y a short 
strong tendon behind the extremity of the spine of the scapula ; the 
anteinor portion arises from the occiput and tendinops raphe con- 
necting it Avith its fellow of the op])osite side, and is inserted into 
the spine of the scapula, and into the outer half of the clavicJe, 

The latissimus dcr.v/, a very long and broad muscle, arises from 
the spines of all the dorsal and lumbar vertebrae and from the 
eleven posterior ribs ; it is inserted by a broad and strong tendon 
into the distal half of the ulnar margin of the humerus, and, Avith 
])art of the ‘ panniculus,’ into the fiiscia attached to the olecranon 
and spreading over the fore-arm. At its anterior part this miis(dc 
^ay be separated into a superficial and deep stratum. The rkoni- 
holdeus is a single muscle, but tliick and long, inserted into the 
narroAV base of the scapula. 

The splptiius capitis is united by an intermediate tendon with 
the opposite muscle, and is inserted into the mastoid jwocess. 

The biventer cervicis and the complexus are distinct throughout 
their Avhole course, which extends from the anterior dorsal and 
posterior cervical spines to the occiput; the complexus is the 
longest and thickest muscle, and divides into an external, shorter, 
and deeper-seated portion, and an internal, longer and superficial 
portion. 

The sacrolumhalis arises from the dorsal extremity of the ilium, 
is attached to the ribs, over which it passes in its course to its 
insertion into the transverse processes of the four or five posterior 
cervical vertebras : it is continued by the ^ cervicalis ascendens ’ to 
the atlas. 

The longissimus dor si is a much thicker and narroAver muscle. 
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and extends from the dorsal aspect of the sacrum along the spine 
to the third or fourth cervical vertebra. It is continued forward by 
the transversalis cervicis and trachelo-mastoideus, which are blended 
into a single oblong muscle arising from the anterior dorsal and 
inserted into the transverse processes of the six lower cervical 
vertebra and the mastoid process. 

The sterno-mastoid is a double muscle on both sides, one por- 
tion being superficial, 8, the other deep-seated ; each arises sepa- 
rately from the episternum, and is se 2 )arately inserted into the 
mastoid. The omo-liyoideus^ lo, and mylo-hyoideus, lo, have a 
common insertion into the hyoid. A muscle, i", arising from 
the basi-hyal and expanding to be inserted into the lower lip, 
serves to retract this part. The sterno-hyoideus, ii, joins the hyo- 
ylosms. The geniodiyoideus, 12 , and the stylo diyoideus, la, have 
the normal relations : the biventer maxillcBy 14, is a short thick 
muscle, inserted near the bend, representing the angle, of the jaw. 

The caudal muscles are powerfully developed. The oblique 
fibres of the inferior or deflector muscles are shown at 53 ; they 
arc removed on the other side to expose the anterior caudal 
nerves, i. The ohliquus externus abdominis^ 3 , 3, arises from all 
the vertebral ribs, except the first, and from the dilated ex- 
tremity of the ilium ; it is inserted by a strong tendon into the 
outer extremity of the marsupial bone, vr, then expands into an 
aponeurosis which is attached to the internal margin and base of 
that bone, and into the symphysis pubis, decussating with the 
tendinous fibres of the opposite muscle : it does not split to form 
an ^ abdominal ring.’ 

The obliquus internus, 6, arises from the anterior part of the 
ilium, expands, and is inserted into the broad cartilages of the 
seven posterior ribs, v, r. 

The transversus abdominis^ 7, is a thicker muscle, and arises 
from both the ilium and the lumbar diapophyses ; its tendon 
passes behind the recti to blend with that of the o 2 )posite muscle, 
and with the aponeurosis of the ohliqui externi, in the linea alba. 

The pyramidalis, or superficial rectus, 4 , is here, as in the 
ordinary Marsupials, of very large size ; it arises from the whole 
inner margin of the marsuiual bone ; its fibres converge toward 
and are confluent at the linea alba with, those of its fellow, and it 
gradually terminates in a point opposite the posterior part of the 
sternum. It dej^resses the ribs, shortens the abdomen, and pro- 
tracts the marsupial bone. 

The rectus abdominis ^ or posterior rectus, 5, arises from the 
I)osterior margin of the marsupial bone, and is inserted into the 
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cartilage of the first rib, the manubrium sterni, and the coracoid 
bone. 

The diaiihraym presents the structure which is characteristic 
of the true maramiferous animal. The lesser muscle arises from 
the first lumbar and four last dorsal vertebraj, and expands to be 
inserted into the central tendon, which chiefly receives the fibres 
of the greater muscle arising from the cartilages of the eleven 
inferior pairs of ribs. 

The 2)vctorali8^ 2, is of very striking dimensions ; the origin of 
the superficial portion extends from the acromion and episternum, 
along the sternum and linea alba, almost to the ])ubis; a deeper- 
seated portion arises from the six osseous sternal ribs ; the fibres of 
both portions converge to be inserted into the largely-developed 
j)octoral or anterior crest of the ])roximal half of the humerus. 

The ])ectoraUs nimor is attached to the coracoid, and the aub- 
clnvius is likewise inserted, as in some other quadrupeds, into 
this ))()no, Avhich is no longer a subordinate process of the scapula 
in the Monotremes. 

The suhscapularis is a narrow muscle, and narrower in reality 
than at first sight it ajipears to be, since the supraspinatus^ from 
the inflection of the spine and acromion, arises from the same 
aspect of the scajiula, and appears to form the anterior fasciculus 
of the sub}ir(tptilarls \ its distinct insertion into the anterior 
tubercle of the head of the humerus points out its true nature. 

The infraspitHituSy 20, and tlie large teres major cover the 
whole external surface of the scapula. 

The deltoid is divided into an anterior and a posterior portion. 
The anterior portion, 19, arises from the anterior extremity of the 
coracoid, and is inserted into the summit of the deltoid crest of 
tlie humerus: the jiosterior jiart, 2J, arises from the anterior and 
siqierior a])ex of the scapula, and is inserted into the lower half of 
the deltoid crest. Thei^e are also two muscles to which the name 
c.oraeo-brachialis may be ap2>licd, a superior one, 22, and an in- 
ferior one, 25 . 

The biceps bracliii arises by two heads ; one, 23, arises from the 
sternal extremity of the coracoid, the other, 2t, also arises from 
the coracoid ; tlie common tendon is inserted into the middle of 
the radius. 

Tlic other muscles of the anterior extremity adhere closely to 
tlie Mammalian ty])e. The extensor carpi radialis^ 30 , sends three 
tendons, to be inserted respectively into the second, third, and 
fourth metacarpal bones. There is a vsingle common Jiexor dipt- 
tormn, as well as extensor dipltorum, 27. 

The extensor difjiti minimi, 26 , the indicator, 28 , the extensor 
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pollicis, 29^ the pronator teres^ 32, and carpi radialls^ 33, 

are all remarkable for their strength in the Ornithorhynchus, and 
are still more powerfully developed in the Echidna. 

The most remarkable muscle on the palmar aspect of the fore 
arm is the flexor carpi ulnaris^ which arises by two separate 
heads, the longer one from the broad olecranon, the shorter one 
from the internal condyle of the humerus ; the common tendon 
is attached to the os pisiforme and the metacarpals of the fourth 
and fifth digits. 

The psoas magna and iliacus internns form a single muscle, 
having the usual origins, and inserted by a common tendon into 
the large internal trochanter. 

The psoas minor is the largest of these muscles. It ai'ises from 
the sides of five dorsal vertebra;, and its strong tendon is implanted 
in the remarkably developed ilio-peciineal process. It depresses 
the pelvis, and with it also the tail and the pelvic extremities. 

The ectogluteus is larger than is usually the case with qua- 
drupeds ; its insertion extends to the j^lantar fascia and the 
bone which supports the spur. The rnesogluteus^ entogluteus, 
j)cctineus, 45, hicejis flexor cruris, gracilis, 34, sartorius, 35, rectus 
femoris, 35, adductores feinoris, 46, Semite ndinosus, 47, semi-inem’^ 
hranosus, vastus externus, offer no notable deviations from the 
usual structure. A strip of fibres, 49, descends from the gracilis 
to the sphincter cloacce, il. A muscle, called by Meckel ‘ flexor 
accessorius a cauda ad tibiam tendens,’ 5i, arises from the trans- 
verse ])rocesses oi‘ the anterior caudal vertebne, and converges to 
be inserted into the tibia. Another peculiar adductor of the leg, 
which might be termed ^ intcrtibialis,’ 52, is attached by its ex- 
tremities to both tibia; ; its fleshy belly passes across the s])hinctcr 
cloacae, Ti, and is connected with a strip of the panniculus car- 
nosiis, i. 

The gastrocnemius, 48, derives its largest origin from the pro- 
duced and expanded head of the fibula, and its smaller belly from 
the internal femoral condyle ; its tendon is implanted in the cal- 
cancum. The homoto])y between the gastrocnemius and flexor 
carpi ulnaris is strikingly illustrated in the Ornithorhynchus. 

The soleus arises from the head of the fibula and from a large pro- 
portion of the tibia ; it is nowhere blended with the gastrocnemius, 
but is inserted by a thick and short tendon intOithe astragalus. 

The abductors of the outer digits of both the hand and foot are 
well developed for the purpose of expanding the web which 
connects the toes. 

In the figure the following muscles of the leg arc shown — wiz. 
37, tibialis anticus, 38, extciisor hallucis longus, 39, peroneus longus. 
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40, peroneuft hrevis^ 4i, extensor digitorum profundus, 42, extensor 
digitorum suhlimis, 4 ?, a portion of the same muscle correspoiuling 
with the indicator of the fore leg, and 44, extensor digiti qidnti 
accessorius, 

§ 194. Muscles of Marsupialia, — The most common posture 
of the Kangaroo is often termed the ^ erect ; ’ yet the conditions of 
this posture are very different from those in the human subject. 
The trunk, instead of resting upright on tAvo nearly vertical pillars, 
is here swung upon the femora as upon two springs, which 
descend from the knee-joints obliquely backAvard to their j)oints 
of attachment at the pelvis ; and the trunk is propped up behind 
by tlie long and powerful tail, vol. ii., fig. 211. 

In Man the massive and expanded muscles Avhicli find their 
attachment in the broad bones of the pelvis, especially at the 
posterior part, are the chief poAvers in maintaining the erect 
posture. But in the Kangaroo the glutcei offer no corresponding 
predominance of size ; the narrow prismatic ilia could not, in fact, 
afford them the requisite extent of fixed attachment. 

The chief modifications of the muscular system in relation to 
the erect position of tlie trunk in the Kangaroo are met with on 
the anterior part of the base of the spinal column. The psocB 
parvcB, for example, x^i^^sent proportions the reverse of those 
that suggested their name in human anatomy. They form two 
thick, long, rounded masses, which take their origin, fleshy, from 
the sides of the bodies and base of the diapophyses of the loAver 
dorsal and all the six lumbar vertebrae, and from the extremities 
of the three last ribs ; the fibres converge penniformwisc to a 
strong, round, middle tendon, inserted in the well-marked tubercle 
or spine of the pubis, already noticed. 

The abdomyial muscles include a pyramidalis as remarkably 
developed as in the Monotrernes, In the Phalanger, fig. 4, 
the external oblique, besides the usual origin by digitations 
from the ribs, also arises from the fascia lumhorum\ it is in- 
serted fleshy into the summit of the marsupial bone, a, over 
which its strong inner tendon is spread : the external oblique 
becomes aponeurotic at a line continued from the marsupial 
bone outAvard, with a gentle curve, toAvard the anterior ex- y 
tremity of the ilium ; and in the opposite direction, or inward, 
the carneous fibres of the external oblique terminate in an 
aponeurosis along a line parallel with the oblique outer margin 
of the pyramidalis ; the fascia continued from the latter boundary 
of the fleshy fibres passes over, or dermad of, that muscle, 
and meets its fellow at the linca alba ; it is homologous 
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with the anterior layer of the sheath of the rectus in ovdl- 
iiaiy Mammalia. It is seen reflected from the pyramidalis, 
at fig. 4. The aponeurosis continued from the external and 
inferior boundary of the 
carncous fibres divides as 
usual into two distinct por- 
tions. One, correspond- 
ing to the internal or 
mesial pillar of the abdo- 
minal ring, spreads its 
glistening fibres, as above 
described, over the dermal 
surface of the marsupial 
bone, c, to which it closely 
adheres : the other co- 
lumn, tZ, contracts as it 
descends obliquely in- 
ward, forms, like ‘ Pou- 
l)art’s ligament,’ the upper 
boundary of the space 
through which the psoas and iliacus muscles and femoral vessels 
and nerves escape from the pelvis, and is finally inserted, thick 
and strong, into the outer end of the base of the marsupial bone. 

Tin's bone is so connected with the pubis that its movements 
are almost limited to directions forward and backward, or those 
concerned with the dilatation and diminution of the abdominal 
space ; the contraction of the abdominal muscles must draw the 
bones inward so as to compress the contents of the abdomen, and 
so far as the connections of the bone permit, which is to a very 
trifling degree, the external oblique may draw it ojitward toward 
the ilium. In some Marsupials, as the Koala, the triceps adduc- 
tor femoris sends a slip of fibres to the external angle of the 
base of the marsupial bone, and would more directly tend to bend 
that bone outward. 

The upper or anterior fibres of the internal oblique have the 
usual origin ; the lower ones, arise fleshy from the outer and 
anterior spine of the ilium, and for an inch along an aponeurotic 
chord extended from that process to the upper part of the aceta- 
bulum ; these cameous fibres pass inward and* slightly upward, 
and terminate close to the outer margin of the rectus, where they 
adhere very strongly to the transversalis, but give off a separate 
sheet of thin aponeurosis wbich is lost in the cellular sheath of 
the posterior rectus. 
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The fleshy fibres of the transversalis nbdoininis^ /*, are closely 
coimeeted l)y dense cellular tissue with those of the internal 
oblique ; they are arranged in finer fasciculi, and have, as usual, 
a more transverse direction ; they terminate along the same line 
as tiiose of tlic internal oblique in an aponeurosis, //, which is 
continued along the inner or central surface of the posterior rectus 
to the median line. The lower boundary of the fleshy fibres of 
the transversalis is parallel with the line extended transversely 
between the anterior extremities of the ilia; a fascia, less compact 
than an aj)oncurosis, is continued downward from this margin, 
and envelopes the cremaster and the constituents of the speimiatic 
chord, as they pass outward and forward beneath the lower edge 
of tlie internal oblique. 

The pi/ramidalis, /^, arises from the whole inner or mesial 
margin of the marsupial bone, from which the fibres diverge, 
the lower ones passing transversely across the interspace of the 
bones, and meeting at a very fine raphe, or linea alba ; while those 
fibres from the anterior ends of the marsupial bones gradually 
exchange their transverse direction for one obliquely forward. 
The breadth of each pyramidalis 02)posite the upper end of the 
marsupial bone is more than an inch, the thickness of the muscle 
one line. 

The rectus abdominis^ comes off from the pubis along the 
inner part of the strong ligamentous union of the broad base of 
the marsupial bone, and expands as it ascends until it attains the 
level of the ensiform cartilage, when it diminishes as it is inserted 
into the sternal extremities of the ribs reaching to the manubrium 
sterni and first rib in the Dasyures, as in the placental Carnivores. 
The slight indications of tendinous intersections are confined to 
the i^ostcrior central superficies of the muscle. 

The cremaster, k, in the Phalangcr and Opossum, is not a 
fasciculus of fibres simply detached from the lower margin of the 
internal oblique or transversalis, but arises by a narrow though 
strong aponeurosis from the ilium, within and a little above the 
lower boundary of the internal oblique, wdth the fibres of which 
the course of the cremaster is not parallel ; it might be considered 
as a part of the transversalis, but it is separated by the fascia 
above mentioned from the carneous part of that muscle. Having 
emerged from beneath the margin of the internal oblique, the 
cremaster escapes by the large elliptic abdominal ring, /, bends 
round the marsupial bone near its free extremity, and expands 
upon the tunica va,ginalis testis. Imthc female it has the same 
origin, course, and size, but spreads over the mammary glands at 
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the back of the pouch. If the anterior fascicles of the divergiufr 
and embracing fibres be dissected from tlic posterior ones, the 
apjiearance of the cremaster dividing into two layers is produced. 

The i^rincipal modifications of the muscles of the pectoral ex- 
tremity arc here described as they exist in the Perameles lagotis. 

The trapezius has its origin extended from the skull, along the 
cervical and dorsal spines, to the fascia covering the lumbar por- 
tion of the latissimus dorsi : its fibres converge to be inserted along 
the s}nne of the scapula, the anterior ones being directly continued 
into the ]^ectoralis major, whereby it becomes an extensor of the 
liumerus and a protractor of the fore extremity. 

The latissimus dorsi arises chiefly from the broad aponeurosis 
covering the muscles of the lumbar region of the spine, and from 
the spines of the six posterior dorsal vertebne ; the fibres gradually 
converge, the muscle increasing in thickness as it diminishes in 
breadth, and terminating in a strong flattened tendon one inch 
before its insertion at the upper third of the humerus. It is con- 
nected, as in most brutes, up to and including the Gorilla, with an 
accessory extensor (^omo-anconeus) ^ of the antibrachium. This ex- 
tensor takes its principal origin by fleshy fibres from the terminal 
half inch of the fleshy part of the latissimus dorsi, and continues 
fleshy, slightly diminishing in size to its insertion at the apex of 
the olec»*anon. To remedy the inconvenience of an origin from a 
yielding and flexible part, a thin aponeurotic slip, in Perameles, 
attaches a part of the base of the superadded muscle and the cor- 
resj)onding portion of the latissimus dorsi to the sheath of the teres 
major, and to the inferior coshi of the scapula near its posterior 
angle. The suprasjyinatns, a strong penniform muscle, exceeds 
the in fraspinatus in breadth by as much as the supra-spinal fossa 
is br’oadcr than the infra-spinal one : it has a broad and strong 
insertion into the great outer tuberosity of the humerus. The 
infraspinatus is inserted into the upper and posterior part of that 
tuberosity. The deltoides is a comparatively small muscle; it 
arises from the anterior half of the spine of the scapula and from 
a fine aponeurosis covering the infraspinatus ; its fibres converge 
to be inserted in the upper part of the deltoid ridge. A thin 
small strip of muscle arises from about the middle of the 
inferior costa of the scapula, beneath the infraspinatus; its 
fibres pass forward and join the lower margin of the small del- 
toid, thus bracing and enclosing the tendon of the infraspinatus. 

* Lxxx’. p. 289 (1846): tho muscle is termed ‘ dorso-4pitrochlien* by Duvernoy in 
the Gorilla, i'\ p. 80 (1865), where it is inserted into the inner condyle of the 
humerus. 
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In claviculate marsupials the deltoid is larger, and consists of 
three fasciculi. 

The teres major is a strong sub-compressed muscle arising from 
near the posterior half of the inferior costa of the scapula, and 
joining, as before stated, the tendon of the latissimus. 

The triceps extensor has its long portion arising from the anterior 
third of the inferior costa of the scapula ; ifcs second head comes 
from the posterior part of the proximal third of the humerus ; the 
third portion takes its origin from the whole of the posterior part 
of the humerus ; in addition to these, the olecranon receives the 
above-described fourth superadded slip from the latissimus dorsi. 

The pectoralis major is, as usual in the Marsupial and many 
higher quadrupeds, a complicated muscle ; it consists of an anterior 
or superficial and a posterior or deeper portion ; the anterior portion 
receives the strip of fibres before mentioned from the trapezius, 
there being no clavicle or clavicular ossicle interposed in the Pe- 
rameles; its fibres converge, increasing in thickness as they 
diminish in breadth, and arc inserted into the anterior and outer 
part of the strongly developed pectoral ridge. The second and 
main portion of the pectoralis arises from the whole extent of the 
sternum ; its fibres are twisted obliquely across each other as they 
converge to be inserted into the inner part of the pectoral ridge ; 
some of the internal and posterior fibres of this portion of the 
twisted pectoral pass obliquely upward and behind the anterior 
fasciculi, and are inserted into the coracoid process, thus repre- 
senting the pectoralis minor. Beneath this latter portion of the 
pectoral, a long and slender muscle passes to be inserted into 
the anterior part of the tuberosity of the humerus ; this may 
likewise be regarded as a dismemberment of the pectoralis major, 
but it arises from the fascia of the rectus abdominis, below the car- 
tilages of the lower ribs. Thus the strong pectoral ridge of the 
humerus is acted upon by muscles having a range of origin from 
the occiput and cervical vertebrae along the whole extent of the 
chest to the beginning of the abdomen. 

Tlie diceps is a powerful muscle, although its short head from 
the coracoid process is suppressed. The long head has the usual 
origin and relation to the shoulder-joint ; its tendon is very thick 
and short. The fleshy belly joins that of the strong brachialis in- 
ternus, situated •at the external side of the humerus, whence it 
takes its principal origin from the short deltoid ridge, closely con- 
nected there with the second portion of the triceps, and deriving 
some fleshy fibres from the lower and outer third of the humerus. 
The portion of the biceps arising by the long head soon resolves 
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itself into two distinct penniform muscles ; the tendon of the 
outer one joins that of the brachialis, and this conjoined tendon 
simply bends the fore-arm, while the inner tendon bends and pro- 
nates ; the latter, which is a direct though partial continuation of 
the biceps, is inserted into the ordinary tubercle of the radius ; 
whereas the outer tendon is attached to the fore part of the proxi- 
mal end of the ulna. The muscles which arise from the internal 
condyle of the humerus are the pronator teres, which has the usual 
origin, insertion, and relative proportions, and next a large pa.U 
maris longits. There are, likewise distinct and strong fasciculi of 
muscles corresponding to the flexores carpi ulnaris and radialis, and 
to the flexor suhlimis digitorum. The strong ridge continued from 
the olecranon to the posterior and inner part of the ulna gives 
origin to a great proportion of tlie oblique fibres of the flexor pro- 
fundus*, but both this and the flexor suhlimis terminate in a single 
thick and strong tendon, which after passing the wrist divides into 
those corresponding with the perforating and perforated tendons 
concentrated, in Perameles, upon the three long middle fingers. 
The j)ronator quadratus runs the whole length of the interosseous 
space, passing from the radius a little obliquely downward to the 
ulna. The supinator longus, arising as usual from the upper 2)art 
of the strongly developed ridge above the outer condyle, sends its 
tendon across the carpal joint, wliich tendon divides before it 
crosses, and is inserted by one of its divisions into the base of 
one of the metacarpal bones of the index finger, and by the other 
into the adjoining metacar|)al bone. 

These are tlie principal muscles of the fore extremity Avhich 
require notice. Their modifications, in respect cf number and 
strength, relate to the act of digging up the soil, which is habitual 
in the Bandicoots, as it is for the puri)ose of obtaining food, and 
not for shelter. It is for this purpose that the three middle digits 
of the hand are developed at the expense of the other two, which 
are rudimental ; the whole power of the deep and superficial 
flexors is concentrated upon the fossorial and well-armed fingers ; 
and, by the single common tendon in which the fleshy fibres of 
these muscles terminate, they move them collectively and simul- 
taneously. Thus variety of application, and cs2)ecially the 2)rc- 
hensilc faculty, are sacrificed to the acquisition of force for the 
essential action. In no Marsu2nal is the hand ^o cram2)cd as in 
the Perameles, cxce2)ting in the Chceropus, where the functional 
and fossorial fingers are reduced from three to two. It is in rela- 
tion to this condition, doubtless, that the clavicles are wanting in 
these genera, while all other Marsujnals 2)ossess them. In these 
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the biceps has the usual two origins : the flexor sublimis (ligitoruui 
is distinct from the flexor profundus in Didelpht/s, 

The muscles of the hinder extremity are chiefly remarkable in 
the Kangai'oo for their ])rodigious strength and unusual number : 
the accessory muscle of the biceps cruris, e. g., arises from a 
caudal vertebra, and, with that from the iscliium, forms two strong 
fasciculi, one inserted into the outer femoral condyle, the other 
into fascia covering the gastrocnemii. The pyriformis is also a 
double muscle. The sartorius has its insertion so modified tliat 
it becomes an extensor instead of a flexor of the tibia : it is 
chiefly fixed to the tibial side of the gristly patella, and l)y 
fascia into the capsular ligament of the knee-joint and the 
anterior proximal tuberosity of the tibia. In a Dasyure (^Das. 
rnacrurus ) I found that the saitorius had a similar disposition and 
office. In this ambulatory carnivorous Marsupial the external and 
middle glutai are so disposed as to extend the thigh, while the 
^rnal glutceus inflects and rotates it inward. In a Bandicoot 
{Perameles lagotis) the sartorius ran nearly parallel with and 
dermad of the rectus, and was inserted into the upper part of the 
patella. Besides this sesamoid, which is rarely developed in other 
Marsupials, I found a thick cartilage attached to its upper part 
and interposed between the common tendon of the recti and vasti, 
removing that tendon further from the centre of motion, and in- 
creasing the power of the extensor muscles of the leg. The rec- 
tus femoris has its two origins very distinct, and its homotypy 
with the biceps of the upper extremity is obvious. The gracilis is a 
very thick and strong muscle. The biceps flexor cruris in the 
Perameles is a muscle of very great strength ; it terminates in a 
strong and broad aponeurosis, which extends over the whole 
anterior part of the tibia, being attached to the rotular tuberosity 
of that bone, and terminating below in the sheath of the tendo 
Achillis, whereby this muscle becomes an extensor of the foot. 

All the equipedal Marsupials, whether burrowers as the Wom- 
bat, climbers as the Koala, Phalangers, and Opossums, or simply 
gressorial, as the Dasyurid(B,\i^ve the tibia and fibula so connected 
together as to allow of a certain degree of rotation upon each 
other, analogous to the pronatory and supinatory movements of 
the bones of the antibrachium, and the muscles of the leg present 
corresponding modifications. None of the analogous carnivorous, 
pedimanous, or rodent Placentals present this condition of the 
hind leg. In the Kangaroo, the gastrocnemii almost rival those of 
Man in the bulk of the fleshy part 
In the Dasgurus rnacrurus, the jylantaris, instead of rising from 
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thC'femiir^ lias its fixed point in the fibula, from tlic head to half- 
way down tlie bone, fieshy ; its tendon ])asses obliquely inward, 
and glides behind the inner malleolus to its insertion in the iilantar 
fascia, so that it rotates the tibia inward besides extending the 
foot. The sohus has an extensive origin from the proximal to 
near the distal end of the fibula. There are, as usual, three deep- 
seated muscles at the back of the leg. Of these three the 
muscle homologous with the tibialis posticus is readily recognised ; 
its tendon glides behind the inner malleolus, and is inserted into 
the inner or tibial cuneiform bone. 

The muscle which has the relative position and origins of the 
flexor loiujas jjollicis, sends its tendon by the usual route to the 
sole of the foot, where it di- ^ 

vides and distributes a flexor 
tendon to all the toes except 
the rudimental hallux ; it has 
the same disposition in the 
Opossums, where the hinder 
thumb or great toe is fully 
developed ; for this modifica- 
tion, however, the Compara- 
tive Anatomist is already pre- 
pared by meeting with such 
common office of the muscle 
in the first step from Man, 
viz. in the Orang, Gorilla, and 
Chimpanzee. 

The third deep-seated mus- 
cle, being situated internal to 
the two preceding ones, may 
be the homologue of the flexor 
(Vajitorum communis longus ; 
it nevertheless sends no ten- 
don to the toes nor even to 
the tarsus, but its fibres 
pass from the tibia obliquely 
outward and downward be- 
tween the preceding muscle 
and the interosseous ligament 
to the fibula, where they are 

, . , . , T , Muscles of leg, Phnlangista vnlj ina. 

exclusively inserted so as to 

ojipose the plantaris and rotate the foot outward. This muscle 
closely adheres to the interosseous fascia, and thus resembles in its 
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attachments the pronator quadratns of the fore limb : it is most 
developed in the pedimanous climbing Marsupials, where the 
rotation of the foot is more frequent and extensive. 

Fig. 5 shows this modification of the muscles of the hind-foot in 
WxQPhalangista vulpina ; a, is the expanded tendon of the sartorius ; 
by gracilis \ c, semitendinosus i and rf, semimembranosus ; both these 
muscles are inserted, as in many other quadrupeds, low down the 
tibia : gastrocnemius ; plantaris ; g^ the homologue of the 

fiexor longus pollicis pedis ; A, tibialis posticus ; this muscle divides 
and is inserted by two tendons. A' and A", into the internal and 
middle cuneiform bones ; z, the rotator muscle of the tibia. 

In the muscles on the anterior part of the leg, the extensor 
brevis digitorum has its origin extended into this region, and is 
attached to the outside of the fibula. There are three peronei ; 
the external one is inserted into the proximal end of the fifth 
metatarsal : the tendon of the middle peroneus crosses the sole in 
a groove of the cuboid like the peroneus longus: the internal 
l)eroneus is an extensor of the outer or fifth toe. The Perameles 
lagotis, among the saltatorial Marsupials,- presents a different 
condition of the extensors of the foot from that above described. 
TJje yas/rocnemf/j soleus, and plantaris all arise above the knee- 
joint, and the tendon of the plantaris, after sheathing the tendo 
Achillis and traversing the long sole, is finally inserted into the 
base of the metatarsal bofte of the fourth or largest toe ; thus 
this muscle, which is strongly developed, bends both this toe and 
the knee, while it extends the foot. 

In the Kangaroo the flexor of the toes rises from the outer 
tuberosity of the tibia, its fleshy part covers the back of the leg 
beneath the soleus, the tendon passes to the sole and divides into 
a large tendon for the principal toe, fig. 211, iv, a smaller tendon 
for the outer toe, z’, and a still smaller tendon which goes to the 
two slender inner toes. The muscle seems to combine the homo- 
logucs of the flexor hallucis and flexor digitorum, with, j)erhaps, 
also that of the tibialis posticus, 

§ ■'BS. Muscles of Lissencephala , — The Itodcntia closely re- 
semble the Marsupialia in their muscular system ; Avith like 
modifications according to the absence or presence of clavicles, 
and to the gradatory, saltatory, scansorial, and fossorial move- 
ments of the species respectively. They have not the marsiqual 
modifications of the cremaster and abdominal muscles, nor the 
rotatory muscle of the tibia; but certain Ilodents show pecu- 
liarities of the masseter which Avill be noticed in connection with 
the organs of mastication. 
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The Insect! vora afford examples of special muscular develope- 
ment in the fore part of the trunk and pectoral limbs of the Mole, 
fig. 6, and in the muscles which act upon the prickly skin of 
the Hedgehog, figs. 7 and 8. 

The dermal muscles are powerful and extensive in all Insec- 
tivora: in the Mole {Talpa europmd)^ fig. 6, the insertion of 
one of these is seen at a : it assists in retracting the troweUike 



Muscles of the fore part and limbs of a Mole (To/pa cur&paaX xliii. 


fore limb ; and, when this is the fixed point, draws forward the 
pelvis and thigh. The muscles of the scapula are singularly de- 
vcloiied and modified : the trapezius operates upon the short base 
of the elongate bone with great advantage. The anterior portion, 
f/, arising from the occiput, derives further strength from the ossi- 
fied ^ nuchal ligament,’ and is inserted at e\ the part answering to 
the posterior fibres of the muscle, fy arises as far back as the 
lumbar vertebrae to be similarly inserted into the base of the sca- 
pula, antagonising the former. The ^ splenius capitis,^ A, derives 
fibres from the nuchal style, as well as from certain dorsal and 
cervical vertebras : it is inserted into the paroccipital region of the 
cranium. The stemo-mastoidy y, joined by a ^ cleido-mastoid ’ 
from the cubical clavicle, is a very powerful muscle which expands 
to be inserted into the lateral part of the superoccipital and fascia 
covering the mandibular angle. The deltoid, A, coextensive with 
VOL. IIT. c 
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the scapula, acts through its length with great power upon the 
well-developed humeral ridge. The ^ teres major/ /, commencing 
at the thickened base of the scapula, and deriving fibres from the 
lower facet of that triedral bone, combines to be inserted into the 
humerus with part of the latissimus dorsi, m ; a strip from which 
muscle is extended to the olecranon. The triceps, o, arising 
from both scapula and humerus, is extremely broad and thick, 
calling for an extended olecranon for adequate insertion. Part 
of the powerful flexors of the hand {Jl. digitorum, y, Jl, carpi 
nlnaris, r), and part of the extensors, t, are shown in this view. 
The pectoralis consists of five thick fasciculi, four of which rise 
from the sternum, and one from the clavicle : they converge to be 
imjdanted into the great humeral ^ crista pectoralis : ’ to these is 
added a fasciculus of which the homologue may be traced in 
Cetacea and Ujigulata, passing transversely from one insertion of 
the pectoral to the other, and serving to combine both trowels in 
vigorous fossorial action. Of the muscles of the jaws the ^ tem- 
poralis ’ is shown at />, and the ^ masseter ^ at c\ 

The Hedgehog (jE^rmace?/s) manmuvres its armour of spines by 
means of powerfully developed and specially arranged cutaneous 
muscles. By putting any part of the integument on the stretch, 
the s])ines are erected, and their points held firm against the 
assailant : by the same act of stretching the skin, the proportion 

7 
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thereof to which the prickly armour is restricted can be drawn over 
ihe whole of the exposed surface of the animal, which in this act 
rolls and squeezes itself into the shape of a ball. In fig. 7, the 
Hedgehog is dissected as in the ordinary posture, or unrolled. 
The layer of muscle, a, a', consists of concentric fasciculi, 
thin over the middle of the bjick, a, and becoming thicker 
toward the periphery, which is well defined. All the 
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fibres are closely attached to the derm, and to the fibrous cap- 
sules of the roots of the spines. To the circumference of this 
circular muscle are attached shorter ones at right angles : a pair 
of these, ft, arise from the caudal diapophyses, pass forward and 
expand to interblend with the posterior periphery: a second 
pair, with attachments to the nasal and premaxillary bones, 
pass backward over the forehead to the anterior periphery ; a 
third pair, arising from the fore part of the sternum, pass for- 
ward and outward, diverging, and ascending in front of the 
shoulder to the antero-latcral part of a. A muscle, e, from fascia 
external to the mandibular angle, ascends between the auditory 
meatus and the eyeball, and combines with d in operating on tlie 
fore part of the great orbicular muscle. 

When the Hedgehog assumes its offensively defensive position 
it bends and retracts the head and draws forward the pelvis, 
curving the ba<ik, as in fig. 8 : the converging slips c, r/, e, 
2 )ull down the orbicular muscle, which relaxes to slip over the 
projecting parts: the peripheral part, having descended below 
these, contracts, and encloses the head, limbs, and body, in an 
orbicular fonn. In resuming the normal i)()sition the si)hincter 
relaxes, the head is rotated forward, the i)elvis and tail arc 
drawn back, the limbs begin 
to extend themselves: the 
orbicularis, a\ a', is pushed 
up beyond the meridian, 
and then contracts, dispos- 
ing itself, after full exten- 
sion of the parts beneath, 
m^on the dorsum of the 
animal, as in fig. 7. Su- 
j^erficial sheets of muscle, 
extending from the shoulder 
joint backward, 5, and over 
the abdominal region, 
concur with the above-de- 
scribed in the motions of 
rolling and unrolling the 
animal. One of the lateral 
muscles of the snout is 
shown at tw, the masseter 
at c. 

In the order Bruta the most notable modifications of the mus- 
cular system are met with in the Anteaters, 



Orbicularis dermal muscle, Hedgehog, half unrolled. 
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On reflecting the skin from the under part of the head in 
Myrmecophaga jubata^ there is seen a feeble developement of a 
panniculus carnosus in the form of thin transverse fasciculi 
occurring at intervals of from two to three inches, where they 
underlie the rami of the slender elongated under-jaw. These 
muscular strips {dermogulares) have their attachments exclusively 
in the integument, and aid in accommodating its movements to 
the alternating expansion and contraction of the great gular dila- 
tation near the base of the tongue. The transverse fasciculi 
are crossed by a longitudinal strip of cutaneous muscle {derma- 
lahialis posticus) on each side of the under part of the head and 
neck ; the strip emei'ges from beneath the fore part of the great 
subpectoral gland; it diminishes in breadth and increases in 
thickness as it extends forward, assuming near the mouth the 
character of a muscle independent of the skin, where, passing 
beneath the tendon of the retractor anguli oris, it is inserted into, 
or blends with, the fibres of an accessory portion of the orbi- 
cularis oris. 

A shorter longitudinal muscular strip {dermolahialis antiens') 
arises from the integument below the fore part of the preceding- 
muscle, becomes free as it advances, and is inserted into the 
proper orbicularis oris. 

The flattened and slightly separated fasciculi of the derma- 
abdominalis arise from the fascia covering the anterior and in- 
ferior part of the sternum and contiguous sternal ribs ; also from 
a median raphe of the subcutaneous fascia, attached to the linea 
alba, and extending two-thirds of the way towards the pubis. 
The anterior two-thirds of the above muscular, sheet are joined 
by a broad layer of similar flattened fasciculi covering the side of 
the thorax, and the muscle so formed passes obliquely downward 
and outward, converging to form a thick fleshy band, about two 
inches broad, which is continued along the inner and upper part 
of the thigh, and becomes slightly twisted prior to its attachment 
to the aponeurosis covering the knee-joint. 

The posterior portion of the dermo-abdominalis consists of 
thinner and more scattered flattened fasciculi which pass outward 
and downward, and, as they diverge from the median line, are 
lost in the subcutaneous fascia covering the tendinous expansion 
of the obliquuc externus abdominis. Between the dermo-abdomi- 
nalis and the proper abdominal muscles there is a moderately 
thick layer of elastic cellular tissue. 

In the dissection of the head of the Great Anteater, three pairs 
of long and slender muscles are met with, which relate to the 
movements of the head. 
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The sternocervicalis arises from the upper and outer angle of 
the manubrium sterni, close to the inner (mesial) side of the 
sternomaxillaris, by a thin tendon, which soon becomes fleshy, 
and the slender muscle gradually contracts to be inserted into the 
fourth cervical vertebra. 

The sternomastoideus arises from the outer angle of the manu- 
brium sterni, by a tendon which, at one inch from its origin, 
becomes a fleshy flat muscle ; this gradually increases in thickness 
to a rounded form, then contracts, and forms a tendon inserted 
into the paroccipital. 

The sternomaxillaris arises from the inner side, near the upper 
and outer angle of the manubrium sterni, and from the manubrial 
fascia, central of the clavicular fascia, and of the origins of the 
sternomastoideus and sternocervicalis. Its origin is by a flat 
short tendon : an aponeurosis passes from one tendon to that of 
the fellow muscle. The fleshy part forms a long slender band, 
which passes forward, and, about four inches from its origin, sends 
off* a slender fleshy strip to the ceratohyoideus. It then advances 
as a slender round fleshy muscle, which degenerates into a sub- 
compressed tendon about half an inch in length, opi)osite the 
compressor salivaris, liesuming its fleshy structure, it forms an 
anterior subcompressed belly, ten inches in length, and from four 
to five lines in diameter. This gradually contracts, aiid terminates 
in a slender tendon three inches long, which expands to be in- 
serted into the outer and under part of the maxillary ramus, six 
inches in advance of the angle of the jaw. 

To the action of the pair of muscles so inserted is mainly due 
that characteristic movement of the head of the Great Anteater 
when it composes itself to sleep, and draws its head downward 
and backward between the fore-limbs, in contact with the chest. 
The mouth is small, and susceptible of so slight an opening as 
not to require for that action the usual modification of this jjart 
of the sterno-cleido-mastoideus muscle. 

The proper muscles of the jaws consist of the temporalis, the 
masseter, and the pterygoidei. The chief peculiarities of the 
muscles in the present species relate to the unusual developement 
and movements of the tongue. The mylohyoideus is of unusual 
extent, and is divisible into diflTerent portions : two of these 
represent the normal mylohyoideus, and extend Trom the sym- 
physis mandibulas backward as far as the ascending ramus of the 
jaw. A third portion arises fleshy from the inner side of that 
ramus, whence its fasciculi radiate toward the middle line, in a 
somewhat twisted course, the anterior ones passing beneath the 
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second or normal part of the mylonyoideus. The fourtli portion 
at its anterior part arises from the angle of the jaw, then from 
the base of the cranium, and afterward from a strong fascia 
extended thence backward, between the post-cranial proloif- 
gations of the nose and mouth ; the posterior and longest fasci- 
culi come off more outwardly, and radiate to spread over and 
blend with the gular fasciculi of the sternoglossi, passing out- 
ward and downward, and then bending inward to envelope 
that part of the hyoid apparatus. All the fibres of the fourth 
portion terminate in a median raphe, which is less marked than 
in the anterior portion. The fibres of the posterior division of 
the mylohyoideus, especially those which are attached to the 
under surface of the posteriorly prolonged nasal canal, form a 
kind of muscular sheath for the basal part of the muscles of the 
tongue. 

The cerato-hyoideus arises from the cerato-hyal: its fibres 
converge and form a fasciculus which is inserted into the commis- 
sural tendon of the genlo-hyoid, and is connected with a strip 
from the sternomaxillaris. After giving attachment to the fore- 
going two muscles, and to the anterior constrictor of the pharynx, 
its extremity is attached to the stylo-hjoideus muscle. 

In most mammals the hyoid arch, by the length of the ossified 
part of the stylohyal and the extent of the ossification of the 
ceratohyal is almost restricted to hinge-movements forward and 
backward upon the proximal joints of the stylohyals as a fixed 
point ; so that the basihyal with the tongue cannot be very far 
protruded or retracted. In the Myrmecophaga jubata the usual 
place of the stylohyal is occupied by a long and slender muscle, 
the sty laky oideus, which arises from the petromastoid, and after a 
course of five inches is inserted into the ceratohyal, here the first 
bone of the hyoid arch. Supposing the stylohyoideus to contract 
one-third of its length, it would protract the hyoid arch to the 
same extent: in which act it combines with the geniohyoideus. 
The retraction of the hyoid arch is provided for by the sterno- 
thyroidic and their continuations, the thyrohyoidei. 

The geniohyoideus arises by a single tendon from the symphysis 
of the jaw, runs back beneath the raphe of tlie anterior mylo- 
hyoideus, slightly expands beneath the raphe of the middle 
mylohyoideus, ' then again contracts and again expands, and at 
about ten inches from its origin becomes diffused into fleshy 
fibres, which gradually acquire a breadth of six lines, continue 
back in close connection with the mylohyoideus to the commissural 
tendon, and there expand, the lateral borders being attached 
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thereto. Here a mid-line of separation 
appears, and the muscle bifurcates into 
two flat fasciculi, which are inserted 
into the angles of the basihyal. 

The sternothyroideiy fig. 9, 
come off from the sixth, seventh, and 
eighth sternal bones, and from the 
seventh and eighth sternal ribs near 
their articulations therewith. The in- 
terthoracic extent of these muscles is 
six inch^. Behind the manubrium 
the left muscle sends olF a small fasci- 
culus of fibres to the right one, and 
the right reciprocally to the left. 
Where the decussation takes place 
there is a tendinous intersection at the 
fore part of the muscle. In advance 
of the interchange of fasciculi the stcr- 
nothyroidei diverge and emerge from 
the chest, beyond which cavity they 
are fleshy throughout their extent, and 
are inserted into the lower and fore 
part of the thyroid cartilage. 

Sternofflossus, ib. y, i. This remark- 
able muscle arises fleshy from the 
lateral border of the dilated xiphoid 
and last sternal bone, and from its 
junction with the last two true ribs. 
Linear tendinous intersections mark 
the part of the muscle within the chest. 
Emerging from beneath the manu- 
brium, it advances as a flat fleshy mus- 
cle. Opposite the hyoid it is perforated 
by a lingual artery, between four and 
five inches in advance it is perforated 
l)y the lingual nerve, and here its in- 
ferior stratum is resolved into flattened 
fasciculi of fibres which decussate or 
combine with those of the opposite 
muscle. About six inches in advance 
of the basihyal these fasciculi spread 
over a dilated membranous portion 
of the buccal cavity, at the lower part 


.mmM 




1:1 . 




Muscles of Tiujiyiir, Great Anteater. 



24 


ANATOMY OF VERTEBRATES. 


of which the liasc of the tongue is situated, and here they con- 
verge and blend with corresponding flattened fasciculi, sent off 
from the lower part of the genioglossi, as these pass backward to 
the base of the tongue. The main continuation of the sterno- 
glossus, iy forms a rounded slender muscle, which raises the buccal 
membrane so as to form the back part of the fraenum linguas, 
penetrates the back part of the base of the tongue, and constitutes 
a great proportion of its substance. 

The genioglossus^ ib. tw, w, o, has a complex origin, by a middle 
portion, from the short symphysis mandibulae, and by a flattened 
penniform series of fibres, form the lower border of tUc mandi- 
bular rami for the extent of four inches behind the symphysis. 
The syinphysial origin is round and slender, and belongs more 
directly to the proper tongue-muscle ; the ramal origins seem to be 
the more special £xcd point of the siibgular fasciculi. The fibres 
^/je latter origin pass obliquely backward and inward, con- 
verging to a wMcUe raphe, to which the sjmphysial origin closely 
adheres. The two origins of the muscle arc blended into om‘ 

/or allOUt tllTCii inc/iw lifyomi the juniit itf adaeliuient, in which 
extent the muscle forms a moderately thick depressed mass along 
t\ve n\\dd\e of the \u\dev part of the mouth. It then begins to 
expauiV, auiV to- detach from its under surface those subgular 
faseieuh, which diverge and unite with the corresponding dis- 
memberments of the sternoglossi. The main part of the genio- 
gtossus enters, as a single muscle, the fore part of the base of the 
tongue, carrying into the floor of the mouth a fold of buccal 
membrane forming the fore part of the fraenum linguae. 

Beneath the insertions of the geniohyoidei, a pair of more slender 
muscles, epihyoglossi, come oft* from the median ends of the 
epihyals. These muscles, after a brief course, expand into a thin 
layer, resolve tliemselves into separate fasciculi, and combine an 
inch in advance of their origin to form a layer about eight lines 
in breadth below the middle line of the post-lingual part of the 
mouth, which layer slightly diminishes in size as it approaches 
the commissure of the sternoglossi, and, with them, penetrates 
the back part of the fraenum linguae. 

§ 196. Muscles of Cetacea , — In the Cetacea the muscles of 
the trunk are chiefly developed : those of the limbs are restricted 
to the pectoral pair. Swimming is the principal mode of progres- 
sion in the muticate orders of Ggrencephala : but the phytophagous 
Sirenla have the ^lower, in order to feed upon marine or littoral 
plants, of crawling at the bottom of the sea and shuffling along 
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the shore by means or aid of their anterior members, which in the 
true Cetacea are exclusively natatory organs. 

The head, in these, has so little mobility, that its axis can be 
but slightly altered, without that of the body altering also. With 
bones so short, so little mobile, and extensively co-adapted or 
anchylosed, as the vertebrae of the neck, muscles proportionately 
reduced should correspond. The cervical muscles are, neverthe- 
less, much the same in number as in other Mammals ; but their 
shortness and thinness, principally in those attached to the atlas 
and the axis, are extreme. The homologue of the ‘ spleuius 
capitis,’ "fig. 10, hy is the best developed: it comes off from t\\e 
anterior dorsal and cervical series of neural spines, and its fibres 
converge to be inserted into the paroccipital ridge. 

The muscles of the bach present no otlier important modifica- 
tions than their great developement, especially where they arc 
prolonged upon the caudal vertebrae. Thus the lojir/issimus dorsl 
and the sacro-lumbalis are attached anteriorly to the skull, and 
l»()8teri(»rly transmit their tendons, tlie first to the end of the tail 
till! second to all the transverse processes of this part of the spine, 
ass()(.‘iating its movements, especially in the vertical direction, with 
those of the back. The levator cauda takes its rise above tlie five 
or six dorsal vertebne, under the longissimus dor si, often in 

this part blends with it ; it then extends freely as far as the ex- 
tremity of the tail, where the two muscles unite together again by 
their tendons. They are opposed by a depressor caudee, of great 
thickness, which proceeds from the thoracic region, attached by 
tendinous slips to the ribs and the contiguous transverse processes ; 
it is inserted into the hjcmal arches of the tail. A muscle passes 
from the rudimciital bones of the pelvis to tlio htemapophyses of 
the anterior portion of the tail. The great recti abdominis and 
ohliqui ascendentes muscles are continued backward from the ab- 
domen, and attach themselves behind to the sides of the anterior 
caudal vertebras. By this aggregation of muscles the tail of the 
Cetacea expands to proportions of the trunk, and acquires the 
prodigious strength which it possesses for propelling the most 
gigantic of the species, with ease and swiftness, tlirough the^ 
water ; and, by means of the horizontal expansion of the caudal 
fin, it enables them to readily ascend to the surface to respire and 
again seek protection in the deep abysses of tho ocean. 

In the great pectoral muscle, part of which is shown in fig. 1 0, 
at g, the costal origin is extensive, and the portion which comes 
off from the short sternum, passing transversely each to its own 
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humerus, closely resembles the transverse connecting fasciculus 
in the Mole. 

The muscle answering to ^levator scapulae,’ J, rises from the 
paroccipital, as well as from the cervical diapophyses ; it ex- 
pands to be inserted into the fore and upper angle of the scapula 

10 
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and the fascia covering the ^ infraspinatus : ’ it is a protractor, or 
forward rotator, of the scapula. The * rhoinboideus,’ «, is the 
raiser of the blade-bone. Two sti’ong muscles attached to the 
paroccipital and mastoid, pass, one, to the sternum (sterno- 
mastoideus), the other to the humeral tuberosity (sterno-hume- 
ralis). The ^ latissimus dorsi,’/*, is short and slender, coming oft‘ 
by a few digitations from the ribs, and inserted into the humerus 
and by an extended aponeurosis into the olecranon. The ^ supra- 
spinatus ’ is small : it is covered by the ^ deltoid,’ i. The ^ infra- 
spinatus,’ c, is a broad and thin sheet of muscle. Behind it is a 
teres major,’ k, also of broad and flat form ; and a thick and 
narrow ^ teres minor,’ L The ‘ serratus magnus’ does not extend 
forward beyond the ribs of the dorsal vertebra. 

In the Ungulate series the muscular system has been traced 
out in both Perisso- and Artio-dactyle species, but most com- 
pletely in the Horse, figs. 11-13. In this sensitive quadruped the 
dermal muscles are well developed, enabling it to shake the 
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whole skin, rattling the harness which may be attached thereto, 
and to vibrate particular portions on which an insect or other 
irritant may have alighted. This ^ panniculus carnosus ’ is thick 
upon the neck, whence it passes downward, becoming ‘ aponeu- 
rotic’ upon the fore-limb: the sheets upon the sides and fore 
part of the trunk send a flat tendon to be inserted, with that 
of the latissimus dorsi, into the humerus : and other fasciculi 
pass downward over the muscles of the antibrachium, and 



28 


ANATOMY OF VEllTEBKATES. 


muscles of the trunk and limbs arc exposed, as in the side view, 

%. 11 . 

The ^ spinalis dorsi ’ repeats closely the characters of that muscle 
in Man. Its continuation, the ^ spinalis ccrvicis,’ is in the Horse 
of great strength and importance : its origin commences from the 
second dorsal spine, which origin is continued for about one-third 
of the way down that spine toward its root : it arises likewise from 
the third dorsal spine and the ligamentum nuchas ; from these 
origins it runs forward to be implanted by strong and distinct ten- 
dons into the spines of the anterior cervical vertebra;. 

The ^ longissimus dorsi ’ is situated immediately external to the 
spinalis, taking its origin from the common mass of muscle that 
arises beneath the lumbar fascia, as well as from the spinous pro- 
cesses of the loins and sacrum, whence it runs forward to be in- 
serted by a double set of tendons into the transverse processes of 
the loins and back, and also into the posterior ribs near their angles. 
Its continuation, the ^ transversalis colli,’ consists of very powerful 
fasciculi, inserted respectively into the diapophysial parts of the 
last five cervical vertebra;. 

The ^ sacro-lumbalis ’ arises, in conjunction with the latissimus 
dorsi, from the back of the sacrum, and also by flat tendons from 
all the ribs, except two or three of the most anterior ; and its sli])s 
are inserted by as many distinct tendons into the inferior edge of 
all the ribs, except two or three of the hindmost, and also into the 
transverse process of the seventh cervical vertebra. The continua- 
tion of this muscle, the ^ cervicalis ascendens,’ is chiefly remark- 
able for the strength of its tendinous insertions into the middle 
vertebra; of the neck. 

The ^ multifidus sjnme,’ in the dorsal region, arises by numerous 
tendons from the metapoj)hyscs of the sacral, lumbar, and dorsal 
vertebras ; each slip running forward to be inserted into the neural 
spine of the vertebra in front of that from which it derives its 
origin, the whole forming a thick mass, which fills up the hollow 
situated between the spinous and transverse processes. In the 
neck a similar disposition exists. 

Besides the ^ intertransversarii colli,’ there is a series of muscles 
arising from the prezygapophyses of the first dorsal and five last 
cervical vertebra0, and inserted, severally, into the side of the 
centrum in advance : they are called by Stubbs ^ intervertebrales.’^ 

The ‘ longus colli ’ arises from the transverse processes of the 
third, fourth, fifth, and sixth vertebra; of the neck, from which 
origins it runs upward to be inserted by distinct tendons into the 

* u *. 
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anterior part of the bodies and transverse processes of the vertcbne 
above them, and into the anterior surface of the atlas. 

The muscles which raise or straighten the tail are the 
following : — 

The ^ sacro-coccygeus superior ’ arises from the third and suc- 
ceeding sacral spines, and from those of the anterior caudal vertebraj. 
The fleshy mass formed from these origins gives off numerous 
slender tendons : the first of these is the shortest, and runs inward 
to be inserted into the base of the first caudal vertebra, in which 
the articular apophyses are wanting. Tlie second tendon is in- 
serted in a similar manner into the succeeding vertebra ; the third 
into the next, and so on to the end of the tail. Each tendon is 
lodged in a sort of ligamentous canal, which forms a sheath for it 
throughout its Avhole course. When these two muscles act in 
concert the tail is raised. 

The ‘ interspinales superiores ’ form a continuation of the inter- 
spinous series of vertebral muscles ; but as the spinous processes 
of the tail are short, and soon replaced by tubercular rudiments of 
the neurapophyscs, these muscles are here disposed obliquely, being 
more widely separated posteriorly than they are in front. 

The muscles which depress the tail all take their origin in the 
interior of the pelvis, and arc prolonged to a greater or less extent 
along the inferior aspect of the tail. They form four pairs of 
series of muscles, called the ^ ileo-coccygei,’ and ^ sacro-coccygci 
inferiores;’ the latter are the more direct antagonists of the sacro- 
coccygei superiores, and their tendons are received into sheaths 
resembling those upon the upper surface of the tail, and are 
inserted successively into the base of each caudal vertebra, begin- 
ning about the seventh. 

The muscles adapted to move the tail laterally are arranged in 
two sets ; the ^ ischio-coccygei externi,’ a few fibres of which, in 
the Horse, are connected with the termination of the rectum and 
the ^ intertransversales.’ 

The muscles derived from the vertebral column which serve im- 
mediately for the movements of the cranium have nearly the same 
origins as in the human subject, but are comparatively of much 
greater strength, owing to the inclined position of the head with 
respect to that column. They may be divided into such as pro- 
ceed, 1st, from the atlas ; 2nd, from the axis ;.and, 3rd, from the 
posterior cervical vertebra) and ligamentum nuchae. To the first 
set belong 

The ^ rectus posticus minor,’ ^ rectus anticus,’ ^ rectus lateralis,’ 
and ‘ obliquus superior.’ 
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The muscles derived from the axis jirc the ^rectus posticus 
major ’ and the ^ obliquus inferior.’ 

The * coinplexus ’ commences from the prezygapophyses of the 
third cervical vertebra, continues its origin from all those of 
the neck below that point, as well as from those of the first 
dorsal; also by a strong tendon from the transverse processes 
of the second and tliird dorsal vertebras: from these origins it 
runs forward to bo inserted by a strong round tendon into the 
super-occi])ital close to its fellow of the opposite side : in this course 
it is connected by numerous tendinous processes with the ligamen- 
tum nucha}. 

The ^ trachclo-mastoidcus ’ arises from the oblique processes of 
the third, fourth, fifth, sixth, and seventh cervical and first dorsal 
vertebne, and from the transverse processes of the second and 
third vertebrse of the back ; it runs forward external to the last- 
mentioned muscles to be inserted by a strong tendon into the 
paroccipital. The above muscles are overlapped by the ^ splenius 
capitis,’ which, arising by strong tendinous processes from the 
spinous processes of the two superior dorsal and two last cervical, 
and also extensively from the ligamentum nucha), runs forward to 
be inserted into the transverse processes of the fifth, fourth, and 
third cervical vertebra), and into the transverse ridge of the super- 
occipital. 

The muscles of the ribs and sternum present, in the Horse, a 
disposition little differing from that of the corresponding muscles 
in Man : they arc the ^ scaleni,’ the ^ intcrcostals,’ the ‘ Icvatores 
costarum,’ the ^ serratus posticus,’ d, and ^ serratus anticus,’ /, and 
the ^ triangularis sterni,’ tlic two latter of wliicli must be regarded 
as depressors of the ribs, and consequently acting the part of 
muscles of ex])iration. 

The walls of the abdomen are composed of five pairs of muscles, 
to which the same names are applicable as are bestowed upon 
them by the anthropotomist ; but the rectus abdominis is much 
more extensively developed. Arising from the os pubis, it passes 
forward enclosed in its usual sheath to be inserted into the ensi- 
form cartilage and into the cartilaginous terminations of the 
third, fourth, fifth, sixth, seventh, eighth, and ninth ribs, and 
also into the sternum between the cartilages of the third and 
fourth ribs. Theye are even fleshy fibres derived from this 
muscle prolonged as far forward as the articulation between the 
first rib and the sternum. 

Muscles of the anterior extremity. The ^ trapezius ’ consists 
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of that part only which is called the ascending portion in the 
human subject, and which is inserted into the posterior margin 
of the spine of the scapula. The ^ stemo-mastoid ’ is present, 
but the ^levator anguli scapulas/ the cleido-mastoid, and the 
clavicular portions of the trapezius and deltoid are all replaced 
by the muscular expansion which, taking its origin from the par- 
occipital and from the transverse processes of some of the superior 
cervical vertcbra3, passes downward in front of the head of the 
humerus and descends along the inner surface of the fore-arm, 
into which it is ultimately inserted. 

The ‘ trachelo-agromialis ’ arises from the transverse process of 
the atlas and of the four following cervical vertebrae, descends toward 
the shoulder-joint, making its appearance externally between the 
two divisions of the trapezius, which it separates ; it then spreads 
out over thl acromial portion of the scapula, and descends as far 
as the middle of the humerus. This muscle draws the shoulder 
upward and forward in the Tapir, and is implanted into the 
aponeurosis which covers the deltoid: while, in the Horse, it 
has its insertion into the middle portion of the humerus by 
two aponeurotic tendons, which embrace the brachialis internus 
muscle. 

The ^ serratus major anticus ’ arises from the transverse pro- 
cesses of the third, fourth, fifth, and sixth cervical vertebrae, and 
also from the external surfaces of the six superior ribs : its origins 
extending as far backward as the insertion of the tendons of the 
sacro-lumbalis : from this extensive origin it passes baekward 
around the chest to be implanted into the base of the scapula, its 
insertion occupying nearly half of the internal surface of that 
bone. It forms, with its fellow on the opposite side, a kind of 
sling, by which the trunk is suspended. 

The ^ pectoralis minor ’ is represented by a muscle, which, arising 
from the sternum and from the first, second, third, and fourth 
ribs near their sternal terminations, runs upward and backward to 
be inserted into the superior costa of the scapula near the base 
of that bone; it also contracts tendinous attachments with the 
aponeurotic covering of the teres minor and other scapular 
muscles. 

The ^rhomboideus’ arises entirely from the ligamentum nuchae, 
and from the spines of the anterior dorsal vertebrae, whence it 
runs outward to be affixed to the base of the scapula. 

The ^ omo-hyoideus ’ is represented by a strong muscular fasci- 
culus, from the coracoid tubercle. 
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The ^sterno-mastokleus/ or sterno-maxillaris, arises from the 
anterior end of the sternum, and, running forward strong and 
fleshy, is inserted by a flat tendon into the inferior maxilla 

underneath the parotid 
gland, sending, however, 
another tendon to be im- 
planted into the root of 
the paroccipital. 

Muscles inserted into 
the humerus, 

Thje ^ pectoralis major,’ 
from the aponeurosis of 
the external oblique, from 
the two hinder thirds of 
the sternum* and from 
the fore part of the ster- 
num. The first of these 
portions winds round to 
be inserted into the head 
of the humerus ; the 
second ends* in a fascia, 
which descends over the 
fore-arm, while the third, 
running in a transverse 
direction over the inferior 
portion, is inserted into 
the humerus along with 
the ‘ levator humeri pro- 
prius ’ between the bicejjs 
and the brachialis inter- 
nus : a part of the sternal 
portion joins the corre- 
sponding portion of the opposite side to form the ^ muscle 
common to both arms,’ by the action of which the two fore-legs 
are made to cross each other. 

The ^ latissimus dorsi ’ is powerfully assisted in its action by 
the cutaneous muscle already described, a strong tendon from 
which is inserted into the humerus along with that of the latis- 
simus dorsi. Both are intimately connected with the tendon of 
the teres major, and from this combination of tendons arises one 
of the heads of the triceps extensor cubiti. 

The ‘ supraspinatus,’ the * infraspinatus,’ the ^ subscapiilaris,’ 
the ^ teres major,’ and the ‘ teres minor,’ with similar attachments, 
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differ in their proportions from those in the human subject, 
dependent u])on the shape of the scapula. 

The ^ deltoid ’ extends forward in nearly the same direction as 
the infraspinatus, and has been named by hippotomists the 
^ abductor longus brachii.’ The ^ coraco-brachialis ’ takes its 
origin from the tubercular remnant of the coracoid situated 
upon the superior costa of the scapula; the biceps has but 
one origin, with wliich the coraco-brachialis is in no way con- 
nected. The ^ brachialis intcrniis,’ fig. 12, ?/?, has the same 
arrangement as in the human subject: it is the ^ short flexor of 
tlie fore-arm.’ The ^triceps extensor cubiti,’ fig. 11, c, consists 
of three portions similar to those named in the human anatomy 
the long extensor, the short extensor, and the brachialis ex- 
terniis: there is also a fourth poi'tion, derived from the common 
tendon of the latissimus dorsi and teres major, by the inter- 
vention of which it takes its origin from the inferior margin of 
the scapula. 

As might be expected from the construction of the bones of the 
forearm, both the pronator and siij)inator muscles arc wanting. 
The ^ extensor car])i radialis,’ fig. 11, a, is here single, arising 
from the anterior part of the external condyle of the humerus, 
and from the external surface of that bone for a considerable 
distance ; it forms a strong fleshy belly, terminating in a powerful 
tendon, which runs to be inserted into the base of the anterior 
surface of the metacarpal. This muscle seems, from the extent 
of its origin, to represent the long sin)inator and the two radial 
extensors of the wrist combined, and all three thus co-operate in 
the extension of the wrist. There is but one ‘flexor carpi radialis,’ 
fig. 12, p; it arises from the external condyle of the humerus, 
and is inserted into the posterior surface of the base of the 
metacarpal, forming the antagonist to the preceding muscle, 
'^riie flexor carpi ulnaris ’ arises from the posterior part of the 
external protuberance of the os humeri, and also by a distinct 
head from the protubei'ance situated above the internal condyle ; 
its tendon is inserted into the pisiform bone and into the base of 
the rudimentary metacarpal beneath it. The ^ extensor carpi 
ulnaris’ arises from the posterior ])art of the external condyle 
of the humerus, and is inserted, like the preceding, into the os 
pisiforrae, whence it is prolonged beneath the cai^jus, so as to 
perform the office of a flexor of the wrist. The ^ extensor com- 
munis digitorum,’ fig. 11, A, arises from the external condyle 
of the humerus and from the contiguous fascia, also from 
VOL. III. D 
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the upper and lateral part of the radius ; its fleshy belly is 
strong, and terminates in a single tendon, which runs over the 
foot to be inserted into the last phalanx, having previously 

13 14 



Deep inuselcs of tlie thigh and llgamenl-s 

of Ihcforc-llmb. Horse. 1I-, of Uie pelvic limb of the Horse, ii-. 


given off a 'slip to join the tendon of the extensor minimi 
digiti. 

The ‘ extensor proprius minimi digiti ’ is represented by two 
muscles : one of these, called the * extensor of the pastern,’ fig. 
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11, q, is inserted by the intervention of a strong tendon into 
the side of the first phalanx of the functional toe. The second 
muscle, placed between the above and the preceding muscle, 
furnishes a similar tendon, which, after passing in front of the 
carpus, becomes united at an acute angle with that of the former, 
tJie two co-operating with each other in extending the foot. Tlie 
tendon of the ^ abductor longus j)ollicis ’ is implanted into the 
internal surface of the base of the metacarpal, so that it thus 
becomes an extensor of the foot : it is the ^ oblique extensor of 
the cannon ’ in Hippotomy. The ^ flexor digitorum sublimis 
perforatus ' and the ^ flexor profundus perforans ’ arise in com- 
mon from tlie internal protuberance of the os humeri, and the 
two are confounded together for a considerable distance, when 
the two muscles separate to form two distinct tendons ; of these, 
that belonging to the flexor sublimis, fig. 12, Z, in, runs beneath 
the annular ligaments of the carpus, to be inserted into the base 
of the proximal phalanx, previously dividing to give passage to 
the tendon of the profundus, i, on its way to be implanted into 
the last phalanx. 

The following are the princijjal ligaments of the fore-limb, 
fig. 13; a, the ^post-scapular,’ c, the ^ prescapular,’ which extend 
the base of attachment of scapular muscles ; h, the ligamentous 
band strengthening the fore part of the capsule of the shoulder- 
joint ; k, similar ligaments strengthening the capsule of the 
elbow-joint; e, c, internal lateral ligaments of the successive 
joints ; d, ^ pisiform ’ ligament ; c, ligament from the inner 
splint-bone (metacarpal ii) to the sesamoid behind the mctacarpo- 
phalangial joint ; o, ^ outer cartilage of the hoof ; ’ inner cartilage 
of the hoof. 

Muscles of the hind-limb. The cctoglutcus is a comparatively 
slender muscle, deriving its principal origin from the sacral 
fascia, but also reinforced by a long slender fasciculus, which 
descends immediately from the upper portion of the ilium. Its 
insertion is into the third trochanter and external rough surface 
at the upper part of the thigh bone, and also by strong tendinous 
aponeuroses into the fascia lata. 

The ^ mesogluteus,’ fig. 11, i?, is the principal muscle in this 
region ; it arises extensively from the sacro-iliac aponeurosis, and 
from the external surface of the ilium ; it is implanted into the 
outer surface of the great trochanter, and is prolonged, by means 
of a strong posterior fasciculus, toward the lower extremity of 
the femur. 

The other muscles inserted into the great trochanter — namely,' 
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the ^entogluteus/ fig. 12,/, the ^ qiiadratus fcmoris,’ the ^obturator 
externus,’ the ^ obturator internus,’ the ‘ gemelli,’ and the ^ pyra- 
inidalis ’ — present a disposition similar to that which tliey have in 
the human body. 

Tlie muscles passing between the pelvis and tlie lesser tro- 
chanter, and also those that arise from the pubis to be implanted 
into the internal surface of the thigh, are the ^ psoas magnus,’ the 
‘ iliacus,’ the ^ pectiiucus,’ and the ‘ triple adductor,’ fig. 12, p. 

The flexor muscles of tJic leg are the ^ bleeps flexor cruris,’ the 
^ scni/iiicmhraiiosus,’ the ^ semitendinosiis,’ the ^ sartorius,’ the 
^ gracilis/ and the ^ poplitxus/ all of which are enclosed by the 
dense fascia of the thigli, wliich is kept tense by tlie action of a 
‘ tensor vagina^. feinoj*is.’ The last-named muscle, called also the 
‘ musculus fascifc lata^’ arises from the anterior portion of the 
crest of the ilium, whence it descends obliquely downward, en- 
closed between two layers of the fascia, covering the thigh, into 
which it is strongly inserted. 

The extensor muscles of the leg — viz., the ' rectus,’ fig. 11, /i, 
the ‘ vastus internus,’ fig. 12 , 7, the ‘vastus externus,’ fig. 11 , 
and the ‘cruneus’ — offer in all ([uadrupeds the same general dis- 
j)Osition as in Man, the three last forming one great common 
muscle, ‘ trifcmoro-rotuleus.’ The anterior margin of the thigh 
is foiniod by the ‘ sartoi-ins,’ wiiich licrc, from its j^osition and 
office, lias been named by Inppofomists the ‘ long adductor of the 
tJiigh.’ 

llic ‘ biceps cruris’ arises by a single origin, which is derived 
from the ischium, and the neighbouring ligaments and fascial ex- 
pansions. This muscle covers a large proportion of tlie outer 
surface of the thigh : its principal insertion is into the head of the 
fibula, but it likewise throughout its whole length contracts ex- 
tensive and important attachments with the fascia lata, so that it 
also becomes a powerful extensor of the thigh. There is, how- 
ever, a distinct portion of the biceps derived from the sacro- 
sciatic aptmeurosis, the fibres of which are directed obliquely from 
before backw^ard, which, meeting the ischiatic portion at an 
angle, form Avith it a kind of raphe, which is prolonged for some 
distance. This muscle is called ‘ vastus longus ’ in Hippotomy. 
Ihc ‘gracilis,’ fig. 12, a, is a very considerable muscle; it is 
called by hippotomists the ‘ short adductor of the thigh,’ Avhilst 
they usually give the name ‘ gracilis ’ to the sernitendinosus. 
The ‘semimembranosus’ and ‘ semitendinosiis ’ have the same 
origin and general arrangement as in Man ; but both of them are 
inserted into the tibia by a broad aponeurosis, extending much 
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lower down than in the human subject, a circumstance whicli 
causes the leg to be permanently kept in a semiflexed condition. 

The ^ gastrocnemius,’ fig. 11,6, is relatively less carncous than in 
Mail : the ^soheus ’ is slender and feeble; but the ‘ plantaris,’ fig. 
12, 13, is remarkably developed ; it arises from the fossa above the 
external femoral condyle: its tendon, 15, is conUnued downward, and 
runs over the extremity of the os calcis, where it is enclosed in a 
sheath; passing on from this point, it divides, 18, to be inserted uj)on 
each side of the posterior surlace of the jiroximal j^halanx towards 
its inferior extremity, here giving passage between its two inser- 
tions to the tendon of the long flexor of the toe, which it serves 
to bind down closely to the jmstern when the fetlock joint is bent, 
thus seeming to jierform the functions both of the ^jilaiitaris ’ and 
of the short flexor of the toes. 

. The ‘tibialis antnnis,’ fig. 12, 37, is implanted into the anterior 
surface of the base of the metatarsal, so as to be an extensor of 
that })ortion of the foot. The ‘ tibialis posticus ’ is seen at 25 and 
26 , fig. 12. The ‘ popliteiis,’ ib. 23, is a powerful muscle. The 
three ‘iieronei’ are represented by a single muscle, the tendon 
of which becomes conjoined with that of the long extensor of 
the digit, with Avlii(;li, when in action, it co-o])eratcs. The 
flexor muscles are reduced to a state of extreme simplicity; tlie 
short flexor communis is wanting; the ‘plantaris,’ as described 
[i1)Ove, has a double insertion into the base of tlie great pastern 
bone, and presents a similar disposition to tliat of the flexor per- 
ibratus in digitate quadrupeds, while the ‘ flexor communis longus 
j>erforans,’ fig. 12, 28, here serving a single tendon, 29, approiadatcd 
to the solitary toe, passes on as usual to be inserted into the last 
phalanx, so, 3i. The homologue of the ‘flexor longus hallucis’ 
exists in the Horse, notwithstanding the absence of the hallux ; 
but, instead of its usual destination, it here becomes affixed to the 
tendon of the flexor communis perforans, to Avhich it forms a 
])owerful auxiliary. 

The ‘extensor communis,’ fig. ll,2i, terminates in a single 
tendon, 2:i, Avhich is inserted into the dorsum of the last phalanx 
of the foot: it receives, however, in its course, a few flesliy fibres, 
VC, derived f roin the metacarpal and representing the ‘ extensor 
brevis ’ efi* unguiculatc quadrupeds. 

In fiir. II, showins the cliief bVmnents of the Jiind limb, arc 
represented the ‘ iliacus interims,’ /, /i, /, and the ‘ epicotyloideus,’ 
vv, a small and jieculiar muscle, Avhich arises by a flat tendon, h, 
from above the orimn of the rectus cruris, v/, and is inserted at the 
fore and outer part of the neck of the femur, c, bchnv the hcadt 
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its fibres are attached to the capsular ligament. 21 is the ^ rotulo- 
condylar ligament ; ’ 22 the ^ rotular ligament ; ’ 23 the ^ external 
rotular ligament; ’ 10 the ^ condylo-fibular ligament ; ’ 15 the ^ ex- 
ternal semilunar cartilage; ’ 25 the ‘ calcaneal ligament ;’ 26, 26, the 
^ external lateral ligaments ’ of the ankle and succeeding joints ; 
27 the ‘ ant-oblique ligament ; ’ 28 the ligament from the outer 
splint-bone (metatarsal iv) to the sesamoid behind the metacarpo- 
phalangial joint : 38 and 39 are cartilages of the hoof. 

Muscles of the hyoid arch. The ^ sterno-hyoidcus ’ and the 
^ sterno-thyroideus ’ form a single muscle, which divides to be 
inserted into both the larynx and os hyoidcs. The ^ omo- 
hyoideus,’ fig. 11, a, is a very strong muscle. The ^stylo- 
hyoldcus ’ furnishes a sheath to the longer portion of the digas- 
tricus, and extends from the furcate extremity of the stylohyal to 
the base of the thyrohyal. There is also a ^ cerato-hyoideus.’ 
extending between the thyrohyal and the thyroid cartilage. The 
^ paroccipito-styloidcus ’ is a short thick muscle, derived from the 
paroccipital, whence it descends toward the angle of the stylo- 
hyal, into which it is inserted, above the origin of the stylo- 
hyoideus. 

Facial muscles. The ‘ occipito-frontalis ’ has the usual origin 
from the posterior part of the cranium, whence, running forward, 
it covers the skull with its tendinous a2)oncurosis, and, in front, 
spreads in muscular slips uj)on the forehead, some of which, 
fig. 11, 12, extend downward, to sjwead over those of the orbicu- 
laris palpebrarum. 

Situated upon the outer side of the orbit there is another 
descending slip of muscle derived from the lateral cartilage of the 
ear, which, by elevating the external canthus of the eye, con- 
tributes to the cx])rcssion of that organ. 

The levator anguli oris,’ fig. 11, n, is inserted into the upper 
lip and margin of the nostril : it has two origins, derived from the 
surface of the siq^erior maxillary bone, between which the lateral 
dilator of the nostril and iqipcr lip 2)asscs to its destination. The 
^ 52ygoniaticus ’ is a dejiressor of the external angle of the eye, as 
well as an elevator of the corner of the mouth, its fibres being 
intermixed with those of the orbicularis ijali^ebrarum, as well as 
of the orbicularis oris. 

The ^ long dilator of the nostril, and elevator of the upper lij) ’ 
arises at a little distance below the inferior margin of the orbit ; 
and, passing between the two origins of the levator anguli oris, 
terminates in a tendon, which becomes connected with that of the 
opposite side, and then spreads out in front of the upper lip. 
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From the tendon of the last muscle arises the ^ anterior dilator 
of the nostril/ fig. 11, which, acting upon the interior nasal 
cartilage, powerfully expands the aperture of the nose. The 
"orbicularis oris,’ fig. 11, o, the "levator labii superioris,’ the 
" elevator of the chin,’ 
and the ‘ depressors of 
the lower lip, and angle 
of the mouth,’ are well 
developed. 

Tlie anatomy of the 
limbs of the Horse 
would be incomplete 
without a notice of the 
structure of the terminal 
segment of these best of 
terrestrial locomotive or- 
gans, in the perfection of 
which the whole mecha- 
nical force is concentrated 
on a single hoof. 

The longitudinal section of the huge finger that forms the foot 
or "hoof’ of the horse, fig. 15, shows the structure of the three 
phalanges— proximal i, middle 2 , and distal or ungual 4 , with that 
of the sesamoid, or nut-bone 3, adding to the lever-power of the 
division of the tendon, 7, of the flexor profundus, going to the last 
phalanx: the insertion of the tendon of the "flexor siibliinis,’ 6, 
and that of the tendon of the common "extensor,’ 5, are also shown. 
The hoof-box of the ungual phalanx is denser at its periphery, 12 , 
than at its base, 10 , but is not continuous over either surface ; the 
former j^art is the " wall,’ the latter the " floor ’ of the horny or 
" insensible ’ hoof. The wall, or ‘ external wall,’ has the form of a 
hollow cone obliquely truncate above, so that it is highest infront, 
12 , becoming vertical, and lower as it extends backward, losing 
density, degenerating partly into .the clastic tissue, 9, but being 
mainly inflected inward, toward the centre of the sole, where it 
blends with the horny " floor,’ and forms the ‘ internal wall : ’ 
this supports the superincumbent softer elastic tissue, and partly 
that called the ‘frog,’ fig. 16, 3 , for which a triangular space is 
left between the inflected parts of the " internal wall.’ Thus the 
posterior part of the periphery and of the floor of the " hoof’ is 
left uncovered by the horny box, which is accordingly free for a 
certain degree of elastic expansion and contraction, especially 
posteriorly. The inner surliice of the " wall ’ is produced into a 
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Vertical section of the middle or functional digit of the fore- 
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nuniher of suhvcriical lamclhiSy fig, 17, 3, with which interdi^i- 
tate corresponding hinicllse, ib. 17 , from the perioKsteiim of the 
ungual phalunx : the first are called the ^ horny lamellae^’ the 
second the ‘vascular’ or ‘sensitive Jamellte.’ At the intersi^ace 
between the inflected parts or prongs of the ‘Avail’ projects the 
mass of elastic subcorneous tissue called by the JFi’cnch farriers 
‘fourche,’ and misnamed by the English ‘frog.’ In the horizontal 
section of the hoof^ fig. 16, in Avhich a part, 2, is reflected back, the 

‘ frog,’ 3, is seen to extend to the 
centre of the sole: its exposed outer 
surface is the hardest and most 
horny ; but tliis tissue is not so thick 
as some farriers, misapplying the 
paring-knife, suppose : it gradually 
passes into clastic tissue: it is im- 
pressed at its middle part by the 
‘ cleft of the frog,’ and is reflected 
u])on the ‘internal Avail.’ In fig. 
16, 2, 6, is the section of the ‘ Avail 

3, the upper surface of the ‘ frog ; ’ 

4, 4, arc the parts of the ‘ Avail ’ 
called the ‘ heels ; ’ 5, parts of the sole 
called the ‘bars;’ 7-~ii indicate the 
boundaries of the space lodging the 
frog ; 12, arc the ‘ vascular lamelhe.’ 
The horny matter of the sole possesses 
more elasticity than that of the Avail : 
the sole is slightly concave towai’d 
the ground, abutting by its lower 
circumference against the Avail : It is 
cleft to its centre by the triangular 
space through Avhich the frog pro- 

Traiitiverso section of (lie liouf u£ tlic jcctS. 

' In fig. 17, 1 is the skin reflected ; 

2, soft elastic tissue, Avith oil, forming a cushion behind the ine- 
tacarpo-phalangial joint; 3, ‘AAall’ of the hoof turned back, 
showing the horny lamcllai ; 4, section of front part of the ‘wall;’ 
r>, G, ligamentous parts of metacarpo-phalangial joint ; 7, tendtm 
of common ‘ extensor;’ 8, 9, lo, those of the deep and su[)crficial 
flexors ; 15, ex})ansion of the great anterior cartilage of the hoof; 

If), the ‘ coronary frog-band ’ reflected ; 17, the ‘ vascular lamelhe; ’ 

IS, elastic portion of the ‘frog;’ the ‘coronary venous idexus ’ 
is sliown at ^5. 
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III the Indian Kliinoceros the pannicnlus carnosus Ib mor(‘ 
discontinuous than in other Perissodactylcs, hut where it exists 
is of unusual thickness. One sheet at tlie side of the thorax 
sends its fascia into 
the interstice of the 
dermal fold in front // \ 

of the fore limbs. A 

hind is inserted into 

the skin^ suggesting 
that such permanent 

pose of affording a ^ 

firmer insertion to 'X 

the aponeuroses of the ^ 

cutaneous muscles 

than a i)lane surface B- ,i[|' 

could have done. Two ^ 

sheets of panniculus so u 

risc^ broad and thick, ^ 

the ^ abdomen 

ward, terminate in W 

aponeuroses covering ||l|r \ 

patellas are higher ^ 

than the line of the Dls^ocUon of tljciIiKitformiugrtlic Horse’s foot. iir. 

abdomen, in the erect 

position of the animal, the preceding muscles afford additional 
support to that bulky part, some of the weiglit thus being trans- 
ferred to the hind-legs, Avhich, reciprocally, arc by these muscles 
drawn forward in locomotion.^ 

§ 198. Muscles of Artiodactijla , — In the lluininant division 
of the Artiodactylc Ungulates the ^ panniculus carnosus ’ is 
better developed tlian in the non-ruminant group, e. //. the hf)g 
and the hippopotamus. The fixed ])oints from which, in the 
ox, the well-developed sheets of dermal carneous fibres act oji 
the skin arc llic scapula, mandible, ilium, j)iibis, and patella : a 

^ V. p. 36. 




DlssJoction of tlic iliKit forming' tlie Hoi’sc 
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subjacent layer of fascia allows the play of the ^panniculus’ 
independently of the main masses of the muscular system, fig. 
18. To the sheet of carneous fibres spreading from the scapular 
fascia over the neck the term ^ cutaneus colli* is applied: to a 
thinner layer extending from the fore part of the neck over the 
forehead and cheeks to the lips, that of ^ cutaneus faciei.’ . The 
thick layer expanding from the supra-scapular attachment over the 
shoulder and part of the fore-limb is the ^ cutaneus humeri ; ’ that 
which extends from the iliac and pubic fascia lata, and from the 
I)atella, forward, expanding upon the abdomen, is the ^ cutaneus 
abdominis : ’ the ^ musculus preputialis,’ in the Bull, is a deriva- 
tion from the foregoing dermal muscle. 

The ^trapezius,’ fig. 18, lo, ii, answers to the scapular division 
of that muscle in Man ; it arises in the Ox fj*om the neural sj)ines 
of the anterior half of the thorax, and from the ^ ligamentum 
nuclue.’ In the Giratfe it is in two portions ; one arises from the 
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Supcrfli i:il niusdes the Vow. iv 


transverse processes of the fifth and sixth cervical vertebrae, its 
fieshy ])art is thick and strong but expands as it passes down- 
ward and backward and finally is lost in a strong fascia over- 
spreading the shoulder-joint; the second portion is thin and 
broad, arises from the ligamentum nuchae, and is inserted into the 
fascia covering the scapula.* The ‘ masto-lmmeralis,’ fig. 18, 8, s, 
may represent the ^ cleidal ’ part of the trapezius in claviciilate 
Ungulates : it arises by an aponeurosis from the ligamentum 
nuchie, and, bya tendon, from the paroccipital ; the chief and 
more superficial portion is inserted into the humerus, the deeper 
jiortion into the sternum. The Matissimus dorsi,’ fig. 18, 12 , in 


Xtvir. p. 284. 
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the Ox, as in the Horse, is a comparatively small muscle, and acts 
upon both humerus and antibrachium. The ^ rhomboideus,’ fig. 
19, 9, is not single, as in the Horse and Giraffe, but consists in 
the Ox of pre- and post-rhomboid portions ; the former rises from 
the nuchal ligament, as far forward as its occipital insertion : the 
latter from the spines of the two or three anterior dorsals ; both 
converge to be inserted into the base of the scapula. 

The ‘splenius capitis,’ fig. 19, 7, arises from the anterior dorsal 
and posterior cervical spines ; the fibres diverge to a flat tendon 
inserted into the paroccipital and the ridge rising tlierefrom. In 
the Sheep an insertion of a small fasciculus into the diapophysis of 
the atlas rejiresents the ^ sjJenius colli.’ Tlic ^ scaleiii ’ form three 
strong muscles in the Camelidai^ in the Giraffe four, which rise 
from the fourth to the seventh cervical vertebne and are inserted 
into the manubrium sterni and first rib. The ^ scalenus anticus ’ 
in the Cow is shown at 12 , fig. 19. The ^ sterno-maxil laris ’ arises 
from the manubrium and divides, at 9 , fig. 18, to be inserted into 
the paroccipital and mandibular angle. 
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Dih‘ 1) muscles of the Cow. iv’. 


The " levator anguli scapula?,’ fig. 19, 8, arises from the pleur- 
apophyses of the third and fourth cervical vertebra?, and is inserted 
into the anterior angle of the scapula ; it seems part of the follow- 
ing muscle. 

The ^ serratus magnus,’ fig. 19, 10 , has an extensive origin 
from the pleurapophyses of the anterior half or two-thirds of the 
dorsal series, forward, to that of the fifth cervical inclusive, by 
‘ dentations,’ or an angular strip from each : the fibres converge, as- 
cending beneath the scapula, to be inserted into the cartilaginous 
suprascapula. Thus, as the fore-part of the trunk is, as it were, 
slung upon the two great serrate muscles which principally su 2 )port 
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t\ie weiglit of the deep chest of the Ruminants, the interposition 
of the elastic cartilages between the upper attachments of the 
muscles and the capitals of the bouj coJuiniis of the two fore-legs 
is attended Avith the same advantage as is obtained by slinging the 
body of a coach upon elastic springs. 

The maiji body of the ‘pectoralis major/ fig. 18, is, rises from 
the sternum and ensiform cartilage, the fibres converging to the 
tendon inserted in the outer tuberosity of the humerus : the an- 



terior derivative from this muscle, eifecting 
the crossing of the foj-e-limbs, is j)rcscnt in 
Ruminants as in Solipeds and Cetaceans. Two 
muscles coin^crgc to an insertion ansAvering to 
(hat of the ‘ deltoid ; ’ one is the superficial 
])ortion of the ^ masto-humeralis,’ fig. 18, 8, 
fig. 19,11; the other, 14, arises from the 
spine and post-spinal fossa of the scapula: the 
latter is the jiroper homologue of the ^ deltoid.’ 

The ^ supra- or ])re-spinatus ’ is shoAA n at 
1 , figs. 20 and 21 ; it is inserted by a double ten- 
don into the fore and inner tubeiosities of the 
humerus : the ‘ infra- or post-spinatus,’ fig. 
20, 2 , has a single strong insertion into the 
outer tuberosity. The insertion of Tlic ‘ teres 
major ’ is seen at fig. 20, 3. 

The subscapularis, fig. 21, 2 and 2^^, con- 
sists of two chief masses, and corresponds in 
length and narrowness Avith the bone from 
Avliich it originates ; it consequently produces, 
like the muscles on the opposite suriace of the 
scajHila, more rapid and extensive motion ot 
the humerus, to the inner tuberosity of which 
it is attached. The ^ coraco-brachialis/ fig. 20, 
8, arises from the tuberous representative of 
the coracoid; its insertion into the humerus ex- 
tends doAvn to the inner condyle. The ‘ bicejis 
br.ichii/ fig. 21, io, shoAvs an origin from the 
coracoid as avcII as the chief one from above 
the glenoid cavity of the scapula. It is in- 


serted into the radius, bcloAV the usual tuberosity, and also sends a 


strij) of tendon to the anlibrachial aponeurosis. In the Camdidm 
the tendon of origin is double, but ap])roximated, and encloses a 
sclerous sesamoid as it passes over the head of the humerus. The 
‘ brachialis iiiterniis ’ rises from the neck of the humerus ; its in- 
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sertion, fig. 21, ii, is anterior to that of the biceps. The massive 
muscles answering to the ^ triceps extensor ’ are tlic ^ extensor 
longus,’ figs. 20 and 21, 5, the ^ext. latus,’ fig. 20,4, the ‘ext. 
medius,’ fig. 21,6, and the ‘ ext. brevis,’ fig. 21,7. The ‘ anconeus 
externus,’ fig. 20, 6, appears to be another part of this system of 
muscles acting on tlie trunk through the scapula and reciprocally 
on the supporting limb. A small fasciculus, fig. 21, la, arising 
from the inner part of the distal end of the 2 i 

humerus, and inserted into the upper 
half of the radius, acts feebly as a flexor, 
and seems to represent the ‘^pronator teres ’ 
of U nguiculates. The ‘ extensor carpi radi- 
al is,’ fig. 21, 12 , is inserted into tlie fore- 
part of the ‘ cannon-bone.’ The ‘ flexor 
carpi radialis,’ fig. 21, u, sends its tendon 
behind the carpal joint to the back jiart of 
the cannon-bone. The muscle, fig. 20, lo, 
which is inserted into the inner (radial) 
side of the cannon-bone, has an homolo- 
gous origin with that of the ‘ abductor 
pollicis.’ 

The ‘extensor digitorum longus,’ fig. 

20, 11, sends its two tendons in front of the 
cariius and cannon-bone ; the inner one is 
inserted into the middle phalanx of the 
inner (vol. ii. fig. 193, m) digit ; the outer 
tendon divides, to be inserted into the un- 
gual })halanges of liotli functional digits. 

The ‘ extensor brevis digitorum,’ fig. 

20, 12, is inserted into the middle phalanx 
of the outer (ib. iv) functional digit. '^Fhe 
‘ flexor carpi ulnaris,’ fig. 20, 13, is in- 
serted into the ‘ pisiforme ’ and outer side 
of the head of the cannon-bone. The 

‘flexor perforans digitorum,’ fig. 21, lo, M.iscies of tiir nwnnmh.cow 

, ^ ^ inruT (radial) side. iv. 

sends its fiat and strong tendon behind 

the cannon-bone, near the lower end of which it divides, and 
perforates the corresponding divisions of the ‘ flexor perforatus,’ 
to be inserted into the ungual phalanges of the digits, ui, iv, fig. 
193, Ox, vol. ii. The ‘flexor carpi ulnaris internus,’ fig. 21, le, 
is inserted into the ‘ pisiforme.’ 

The ectogluteus, fig. 18, 15, arises from the fore part of the ilium 
and sacral fascia, and is inserted into the lower part of the great 
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trochanter ; it is closely connected with the ^tensor fasciae femoris.’ 
This muscle, fig. 18, ic, arisinj^ from behind the outer iliac tube- 
rosity, expands upon the thigh, and is lost in fascia covering the 
knee-joint, and attached to the spine of the tibia, whereby the 
muscle becomes, with the rectus, a flexor of the thigh. There is a 
^ sartorius ’ crossing obliquely the inner side of the thigh, and in- 
serted aponeuroticaJly into the inner side of the head of the tibia. 
The ^ mesogluteus,’ fig. 19, is, arising from the outer side of tlie 
ilium, is inserted into the outer part of the great trochanter. The 
‘ cntogluteus,’ zb. 19, rises above the acetabulum, and is inserted 
into the upper part of the great trochanter. The ^biceps femoris,’ 
fig. 18, 17, 18, arises from the saci'o-sciatic fascia and from the 
ischial tuberosity ; the fasciculi from both origins unite to form a 
broad muscle (the ^ vastus longus ’ of Ilippotomy), which is in- 
serted by a strong aponeurosis into the head of the tibia and fascia 
of the leg. The ^iliacus internus ’ is shown at 17, fig. 19 : 23 , 24, 
and 30, zb.y are muscles of the tail. The ^ vastus externus,’ 
fig. 1 9, 20 , covers the whole of the outer part of the thigh-bone, 
from the great trochanter ; it is inserted into the patella and head 
of the tibia ; a small part of the ^ rectus femoris ’ appears in front 
of its upper part. The ^ gracilis ’ is a large broad muscle, arising 
from the pubic symphysis, and inserted into a long tract of the 
tibia. The ^ adductor magnus ’ is seen at 27, the ^ semitendinosus ’ 
at 28, and the ^ semimembranosus,’ or ‘ adductor tibiie longus,’ at 
29, fig. 19. The last two muscles are blended in the Ilog. The 
^tibialis anticus’ arises from the inner side of the fore part of the 
head of the tibia by a strong tendon ; the muscular part swells into 
the chief of those on the fore part of the leg ; the tendon of iiiser- 
• tion splits to give passage to that of the ^peroneus longus,’ and is 
inserted into the outer side of the head of the metatarsal. There 
is an extensor of the middle phalanx of each functional toe ; the 
tendon of the long ^extensor digitorum’ bifurcates at the end 
of the metatarsus for insertion into the ungual phalanx of the 
same toes. 

The chief peculiai'ity of the flexors of the digits of the hind-foot 
in hoofed quadrupeds is the accession of muscles not so applied in 
most other mammals. Thus the ‘ gastrocnemius,’ besides its inser- 
tion into the heel-bone, sends a strong tendon along the back of 
the metatarsal, to the phalanges, where it expands and bifurcates, 
each division again splitting for the passage of that of the ^ flexor 
perforans,’ before being inserted into the middle phalanges. In like 
manner the homologue of the ^tibialis posticus’ combines its ien- 
don with that of the ^ flexor perforans such common tendon 
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expanding behind the metatarsal, and splitting to perforate the 
tendon of the preceding flexor in its way to the last phalanx. 

Of the abdominal muscles, the ^ obliquus externus ’ is shown in 
fig. 18, 14; its broad tendon is perforated by the mammary artery 
and vein, at 19. The ^ obliquus internus ’ is seen at 16 , fig, 19. 

I found the following conditions of the hyoid muscles in the 
Giraffe — The ^ mylo-hyoidcus,’ thick and strong, arose from the 
internal surface of the lower jaw, and was inserted into the 
rajihe dividing it from its fellow of the opposite side. It ad- 
hered firmly to the ^ genio-hyoideus this arose by a well marked 
tendon from the symphysis menti, and had the usual insertion. 
The ^ gcnio-glossus ’ arose by a tendon close to the inner side 
of the tendon of the ^ genio-hyoideus ; ’ its fleshy belly had a 
considerable antero-posterior extent, and diminished to a very 
thin edge at its anterior margin. The ^ digastricus ’ had the 
usual origin, and was inserted, broad and thick, into the under 
side of the lower jaw. The ^ stylo-hyoid ’ was remarkable for the 
slenderness and length of its carneous part. The most interesting 
modifications in the muscles of the os hyoides were found in 
those which retract that bone. The muscle which, as in some 
other ruminants, combines the offices of the ^ stcrno-thyroidcus ’ 
and ^ sterno-hyoideus,’ arose by a single Jong and slender carneous 
portion from the anterior extremity of the sternum ; this origin 
was nine inches long, and terminated in a round tendon, six inches 
long ; the tendon then divided into two, and each division soon 
became fleshy, and so continued for about sixteen inches ; then 
each division again became tendinous for the extent of two inches, 
and ultimately carneous again, when it was inserted into the side 
of the thyroid cartilage, and thence continued in the form of a 
fascia to the hyoid. This alternation of contractile with non- 
contractilc tissue gave a striking example of the use of tendon in 
limiting the length of the contractile part of a muscle to the 
extent of motion required to be produced in tlic part to which the 
muscle is attached. Had the stemo-thyroideus been continued 
fleshy as usual from its origin through the whole length of the 
neck to its insertion, a great proportion of the muscular fibres 
would have been useless ; for as these have the power of shorten- 
ing themselves by their contractility one-third of their own 
length, if they had been continued from end to end in the sterno- 
thyroidei, they would have been able to draw the larynx and 
hyoid one-third of the way down the neck ; such displacement, 
however, is neither required nor indeed compatible with the 

* xcvil*. p. 232. 
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intervention of 

dill? ^ tendons, the quantity of the contractile fibre is 

y appor loneil to the extent of motion required for the larynx 
and os hyoides. The " omo-hyoideus ’ was adjusted to its office by 
a more simple modification ; instead of having a remote origin from 
the shoulder-blade, its fixed point of attaclmient was brought for- 
ward to the nearest bone (the third cervical vertebra) from which 
it could act upon the hyoid to the due extent. 


In all Herhwora the muscles more directly worked in masti- 
cation, e, g, the ^rnassetcr’ and ‘ pterygoidci,’ are proportionally 
more developed than the biting muscles, e. g. ^ tcinporales ; ’ but 
there are degrees of difference ; in those Ungulates in which the 
canines are most developed, as e.g, the Hog and Camel tribes, 
the temporal muscles are larger. In all Ungulates the chief 
depressor of the jaw, or opener of the mouth, passing from the 
paroccipital to the mandibular angle, has a single fleshy belly ; 
it is, however, the hoinologue of the ‘ digastricus ’ in Man. 

One of the muscles ])roceeding from the neural arches of the 
dorsal vertebra*, to the occiput is tendinous, along a ])ortion of its 
mid-course, in most ungiiiculatc Mammals: it is called ‘ biventer 
cervieis ’ in Anthropotomy. Contiguous muscular fasciculi ex- 
tending from the neural spines of the anterior dorsals to those 
of more or less of the cervical series, are termed ‘ S])inaHs cervieis.’ 
The pair of fibrous masses with like attachments, but in which the 
striated fibre is almost wholly reduced to the yellow elastic tissue 
in Ungulates, is commonly known as the ‘lig amentum nuchas.’ 

In the Giraffe this mechanical stay and support of the long 
neck and head commences from the sacral vertebra*., and receives 
fresh a(!cessions from each lumbar and dorsal vertebra, as it 
advances forward ; tlie spines of the anterior dorsal vertebrae 
become greatly elongated to afford additional surface for the 
attachment of new ])ortions of the ligament, Avhich a])])ears to be 
inserted, on a superficial dissection, in one continuous sheet into 
the longitudinally extended but not elevated spines of the cer- 
vical vertebrie, as far as the axis ; the atlas, as usual, is left free 
for the rotatory movements of the head; the ligament passes 
over that vertebra to terminate by an expanded insertion into 
the occipital crest. It consists throughout of two bilateral 
moieties. In ‘the s])ecimen I dissected, the nuchal ligament, 
2 n situ, measured 9 feet in length : an extent of 6 feet was re- 
moved, which immediately contracted to 4 feet. 

In the Camel the ligamentum nuchae arises, broad and thin, from 
the anterior dorsal spines, but gathers substance as it advances and 
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becomes condensed into a pair of cords which receive accessions 
from the cervical spines, by which the ligaments seem bound down 
so as to follow the curve of the neck : the insertions arc into the 
superoccipital. Posteriorly a continuation of the ligament may be 
traced spreading out and losing itself in the base of the single 
hump of the Dromedary, and as far back as that of the hind hump 
in the Camel.* 

The relative size and insertions {a cervical, h nuchal) of the 
ligainentum nuchic of the Elephant are shown in fig. 22. Mucli 
of the same kind of yellow elastic tissue is (combined with the 
aponeuroses of the abdominal muscles in the hjlephant. Rhino- 
ceros,'^ and Giraffe, in reference to the capacity and heavy con- 
tents of parts of the alimentary canal. 



Litfnmcnf.um nucha'. Elephant. 


§ 1 99. Muscles of Carnivora . — The commencement of certain 
facial muscles that reach their full dcv(^l()])ement in Man may 
be discerned in the Unguiculatcs. Small detached sheets of 
miiscidar fibre, ‘ ccrvico-facial ’or ^ platysma myoidcs,’ are attached 
to the skin at the side of the neck, spread u])on the lateral inte- 
guments of the face, and, in the Cat, show a special arrangement 
or dcvclopement by alfording a muscular capsule to the bulb of 
each long hair of the whiskers, upon the chin, lips, checks, and 
eyebrows, to which they give the impressive movements of those 
sensitive parts. Both the ‘ occipital ’ and ^ frontal ’ parts of the 
human ^ occipito-frontalis ’ are also present in the Cat 

The muscles of the jaws in Carnivora are chiefly remarkable 
for the large proportional size of the ^ temporalis,’ with which 
the ‘ masseter,’ by the more vertical disposition of its fibres than 
in Tlerhivora, combines in the act of forcibly closing the mouth. 
The ‘ pterygoidei ’ ai'c small and not very distinct from each 
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other. The ^ digastric ’ is a powerful muscle and seemingly ^ mo- 
nogastric/ but many tendinous filaments in the middle of the 
carneous substance indicate the division which is established in 
higher Gyrcncephala. In the Lion it arises by a strong tendon 
from the paroccipital ; and its action may be seen in the effort 
the nminal makes to disengage the mandible from ligamentous 
parts of its food. In the Ifelines the latissiniiis dorsi lias its chief 
Insertion into the tendinous arch, bridging over the biceps, and, 
with the ‘ dermo-humeralis ’ similarly inserted/ it acts upon the 
inner side of the upper part of the humerus, but sends a strong 
aponeurosis between the external and scapular ^ heads ’ or por- 
tions of fnc triceps to be continued upon the antibrachial fascia : 
in the Dog, a distinct fasciculus of the muscle combines its tendon 
with that of the ^ scapular ’ portion of the trice])S. In the Seal- 
tribe tlic retractile action of the latissimus dorsi is extended, by 
the a])oncurotic insertion, to the palmar aspect of the pectoral fin. 
'^riie homologue of the ^ serratus posticus superior ’ is largely 
developed in the Lion, extending its anterior attachments to the 
nape. The ‘ protractor scapulae ’ arises in Felines from the 
diapophyscs of the atlas, axis, and third cervical, and is inserted 
into the spine of the scapula near the acromion. The origins of 
the ^ great pectoral muscles ’ intcrblcnd and cross each other 
in Felines, so as to seem to form a common adductoi’ muscle of 
the forc-liinhs ; but the mass of the fibres I’csolves itself into four 
almost distinct muscles, answering to the ^ large pectoral ’ and 
grand pectoral of Ilippotomists, and including the ^ sterno- 
trachiterien ’ and ‘ pectoantcbrachial ’ of Straus-Durckheim. 
The ‘ ])ectoralis minor ’ in the Dog is inserted into the uj)])er 
part of the glenoid cavity of the scapula. In unguiculate, and 
especially claviculatc, (Tyrencephala, the deltoid conforms by the 
greater extent of origin and size to the more varied movements 
of the humerus, as compared with the ungulate order. In the 
Cat the deltoid consists of an anterior portion arising from the 
acromion, and a posterior one from the S])ine, of the scajmla: in 
the Bear only the acromial ])ortion is developed. In noncla- 
viculate Carnivora the ‘ inasto-humcralis ’ is present: in cla- 
vieulatc species the ^ cleido-cucul laris ’ and ‘ cleido-mastoideus ’ 
are its divisions : the former, in Felines, rises from the i>aroccipital 
crest, and fi’cun the neural spines of the anterior cervicals, passes 
back and down to the transverse ligamentous tract in which the 
clavKuilar ossicle is developed; the ^ cleido-mastoid ’ is inserted 
into two outer thirds of tlie clavicular bone, wlience is continued 
a fleshy belly descending along the fore-part of the brachlurn, in 
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. front of the biceps, to be inserted into the tuberosity of the 
radius: it answers to 8 , %. 18 , in Ungulates. The biceps, in 
Felines, derives its single head from the upper rim of the glenoid 
cavity, and is inserted into the bicipital tuberosity of the radius. 
The M)rachialis internus ’ is a long muscle on tlie outer side of 
the humerus, and is inserted into the lower wall of the sigmoid 
cavity of the ulna. The ‘triceps extensor’ is re])rescnted by 
three or more muscles, distinct in their fleshy j)art, and remark- 
able for their volume in Felines: th(‘ir common tendon incloses 
the olecranon like a sti-oiig capsule, llesides the foregoing there 
are three shoider extensors, one of which is n'jwesented by the 
human ‘ anconeus;’ but all belong <o tlie same system as ihc 
lrici])ital extensor. The ‘ j)ronator tci*es ’ is jwoporlioually large: 
in the Lion its carneous ])art extends far down the fore-arm : in 
the Chit it ends in the tendon insert ( m 1 about halt* way down the 
radius. The ‘ j)almaris longus ’ is also more deveIo])(‘d than in 
man. 1 'he ‘ supinator longus,’ on the other hand, has a short 
and slender fleshy ])ortion ; and this relates to the habitual prone 
j)osition of the ])aw in Carnivifra. The flexors and extensoi’s of 
the carpus and manus closely accord with those of INIan, but with 
excess of fleshy flbres in the larger Felines; and a minor degree of 
distinction of some muscles, as, the ‘ tlexorcs digitorum,’ and 
‘ extensores 2)olIicis.’ Hui ‘ extensor longus pollica’s ’ has its origin 
from the outer wall of the sigmoid cavity of the ulna and the 
U2.)])er third of that bone: its long and slendcT tendoji is inserted 
into the first ])halanx of the ])ollex, but usually, also, into that of 
the index, Ly this insertion, as well as by its high origin, it is 
less ditfe rent iated from the ‘ common extensor digitorum ’ than in 
Man. There is no ‘extensor brevis 2)olIicis.’ The ‘indicator’ 
is represented, in Felines, by a short and slender muscle from the 
lowei* half of the outer side of the ulna: its tendon glides through 
the same car2^al synovial sheath as that of the extensor longus 
]K)llicis: it has not a se])arate insertion into the index, but blends 
with the tendinous division of the common extensor going to that 
digit. The ditferentiation establishing the muscle as a true or 
iiide2^endent ‘ indicator ’ has not yet come about. 

The ‘ flexor sublimis ’ is a ])owerful muscle and the 2)rinci2)al 
bender of the in ordinary locomotion ; its origin is restricted 
to the humerus ; its insertions are extended into all flic five digits 
by the fasciie attached to the sides of the metacar2)o-2>halangial 
joints, as well as the ordinary 2icrforatcd tendons into the sides of 
the first and second 2ihalanges. The ‘flexor jwofundus ’ arises by 
five heads from the antibrachiuin, which form a common flattened 
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tendon, along the carpus ; this first detaches a tendon to the 
ungual phalanx of the pollex, and, at the metacarpus, divides into 
the four tendons similarly inserted into the four long digits. In 
each the insertion, fig. 36, h, is into the lever-like process from 
the palmar part of the bone of the last phalanx. It is this muscle 
which overcomes the retractile force of the elastic ligaments, ib. 
a, of the claws, and concentrates the power of all five upon the 
j)art seized. Tlierc is no separate ‘ flexor longus pollicis.’ 

In the hind limb of Felines, the psoas and iliacus are 
more v'bvionsly pai tsof the same muscle than in Man : a fasciculus 
of the ^])Soas ’ sends a tendon to the pubis; but the main body 
of the muscle acts upon the inner trochanter. In the Cat a 
(Ictachnwiit of the. small ccto^lutcus descends to he inserted into 
the patella. The much longer incsogluteiis has five origins from 
lumbar, sacral and caudal vertebrae, and from the crista iUi : its 
tendon goes to the great trochanter. The ‘ gracilis ’ is relatively 
large. The muscle at the foremost part of the thigh, in Fclin(‘S, 
answers to the ‘ sartorius’ and ‘ rectus femoris there is also a 
‘ tensor fascia?,’ which sends an aponeurosis over the fore part of 
the knee-joint and a tendon to the inner ])art of the head of the 
tibia. The ‘ biceps flexor cruris ’ receives a slender iicccssory 
fascicule from an anterior caudal vertebra ; besides its normal in- 
sertion it is continued by fascia into the ‘ tendo achillis.’ In the 
Lion, a sj)ccial muscle, ‘ caudo-femoralis,’ from the same vertebra? 
is inserted by its own long tendon into the outer condyle of the 
femur. The Bear has not the latter muscle. The largest ])art 
of the ^gastrocncmii ’ muscles is at or near to their femoral origins : 
the tendons of each are at first distinct, and finally blend by ex- 
pansions which spread over the calcancuni. The soleiis is small, 
and rises from the fibula: its tendon unites with that of the 
gastrocnemius externus. The tendon of the ^ jflantaris ’ combines 
with that of the ‘ short flexor ’ of the toes to augment the power 
. of bending their phalanges : its fleshy part is relatively much 
greater than in Man. 

§ 200. Masc/es of Qnadrumana . — In this scries, up to the apes, 
tlie panniculus carnosus exists ; but is reduced to a thin sheet oi’ 
carneous fibres from the dorso-lumbar fascia, spreading over the 
hftlssunas dor si, and again degenerating to fascia attached to the 
inner side of »the humerus. The ^ platysma myoides ’ begins to be 
defined, in the Aye-aye, as a pair of broad thin layers, arising from 
pectoral and clavicular fascia, and ascending over the front and 
sides of the neck, mandibular rami, and cheeks. In the Orangs 
and C3iimpanzees it sup|>orts the large eervico-pectoral air-sac 
cmnmunicaling with the larynx. 
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From the Aye-aye to the Gorilla,’ with a few exceptions, there 
is a " cleido-mastoideus * as well as a ^ sterno-clculo-mastoiclous ; ’ 
but in some Baboons (ilfacacw^) the distinct fasciculus from the 
clavicle lias not been found. In an Orang I found the cleidal 
part inserted into the diajiophysis of the axis vertebra. 

The term " digastricus ’ is applicable to that mandibular muscle 
in all Quadrumana, although the partition by tendon of the ante- 
rior from the posterior belly is not comidetc in many. In most, 
as in the Aye-aye, the anterior portions of the pair occupy the 
anterior interspace of the mandibular rami. The middle tendi- 
nous part is attached to the hyoid, cxcc])t where it is feebly 
marked, as in Stenopa, The intermediate tendon of the omohyoid 
is not found save in the higher tail-less Apes. 

In all Qnadrumana the power of the arms in drawing nj) the 
trunk is increased by the accessory muscle from the ordinary ten- 
don of the ^ latissimus dorsi,’ which extends its action from the 
upper to the lower end of the humerus (interior condyle), and to 
the olecranon. The ^ rhomboidei’ extend to the occi})ut in Maca- 
ques, Baboons, and the Orang. The ‘ protra(*-tor scapida3’ (‘ acro- 
mio-trachelicn,’ Cuv.) exists in most Qnadrumana below the Apes; 
in these the ‘ levator anguli scajndai ’ is distinct from the ‘ serratus 
inagnus; but is the fore ])art of that muscle in Baboons.’ Jn the 
Gibbons {Jh/lohates') the two portions of the ^biccjis flexo)* cubiti’ 
are more powerful and unite lower down the Inmerus than in other 
Qnadrumana^ and the inner portion derives an origin from neai* 
the })ectoral ridge of the humerus ; their common tendon is inserted 
beneath the radial tubercle, and into the anlibracliial fascia. Jn 
Stniops the bi(‘.e])shas only its Monghead’ or origin: that from the 
coracoid process is, at least, not distinct from the coraco-brachialis. 
The ‘ triceps extensor cidhti ’ is complicated in Qnadrumana 
by the accessory fasciculus in connection with the tendon of the 
latissimus dorsi. The lower portion of the ‘ internal head’ of tln^ 
tiiceps has also a distinct origin or fascicidus from the ent(v 
(condyloid ridge in Chiromt/s and 7\frsiics ; in t^tenops it arises 
more from the back ])art of the humerus. 

The deep and superficial flexors of the fingers are distinct, but 
a remnant of that blending which exists in most lower mammals 
may be seen in the short connecting tendon which 4n the Aye-ay c'^ 
passes from the ulnar belly of the ‘flexor sublimis ’ <o the diviskm 
of the ‘ flexor profundus,’ giving off the tendon to the middle finger. 
The fleshy ])art of both flexors, but especially of the dce|)er ojjc, 
is continued nearer to the hand, in Lemuridoi and most other 

' cir. p. 30, pi. xi. fig. 1, 22 d. * cii'. p. 31, pi. xi. fig 4, c\ » 



ANATOMY OF VERTEBRATES, 


rj4 

Quadrumandy than in Man, thus enabling the muscles to continue 
their action as tfngei-benders wJien the hand itself is flexed. 
77/e fasciculus of the ^ tiexor profundus ’ which sends the tendon 
to the last phalanx of the thumbs is more distinctly a ^ flexor 
lougus pollicis ’ in Apes than in lower Quadriimana. In the 
^yc-aye it adheres to the supplementary carpal and fascia on its 
way to the thumb, and thus o])poscs botli the last phalanx and the 
" pad ’ at the base of the thumb in the act of grasping. The 
Mlexor brevis,’ the Sabductor,’ the ‘adductor,’ and ‘ opponens 
pollicis ’ are ])reseut in the Chimpanzee and (Jorilla, as are like- 
wise the ‘ extensor lougus ’ and ‘ extensor brevis.’ In the Orang 
tlicse muscles begin to be confounded ; in most lower QiuuJnir- 
mattff lliey are blended together. The honiologue of the ‘extensor 
indicis’ of Man bifurcates and sends a tendon to botJi the index and 
medius digits; the honiologue of the extensor minimi digiti likewise 
splits and scuds a tendon also to the annularis ; so that, while in 
Man the index and minimus only have two extensor tendons, all 
four fingers (ii — v) have them in most Qnadrfwirniff, The hand is 
thereby the stronger as a suspensor of the body from a bougli. 

The ‘ cctogluteus ’ is feebly developed compared Avith that in 
Man : the Gorilla, ihoiigli receding far in this respect, recedes the 
least. The honiologue of the ‘gracilis’ is relatively larger in 
all Quadrammui than in JVIan, and its insertion is extended 
lower down the leg. In Staiops the vastus externus contributes 
a fasciculus to the rectus femoris ; in Cliiromj/s it is as distinct as 
in higher Qandrtiinana, But here the mesoglutcns exceeds the 
cctogluteus in size, althongli the latter is supplemented in the 
Gorilla by fleshy fasciculi from the ischial tuberosity, Avhich s|)rcad 
their insertions from that of the ectoglutanis down the femur to 
the internal condyle, apparently representing the adductor magn ns. 

In both Orang and tdiiinpanzce a muscle from the outer border 
ol* the ilium to near tluj acetabulum is inserted into the under and 
outer ])art of the great trochanter and rotates the thigh inwards.^ 
^V’he gastrocneinii have a greater length and minor breadth and 
Tliy*kness of the lleshy part: the soleus rises from the fibula exclu- 
sively, and joins the gastrocneinii low down. 

§ 201. JMusclcs of Bimnna, — The myologies of Anthropotomy 
reduce the need of noticing human muscles here to some com- 
parison Avith tliosc of highest Ajies, bringing out the ordinal 
characteristics of the limbs, and to the illustration of those giving 
expression to the face and reflecting the action of tlic organ that 
marks Man's place in Creation as the type of a distinct sub-class. 

‘ ‘ Scansorius,’ Trail, xxxv •. ‘ Invertor femoris,’ xxxiv. p. G8. 
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Figures 23 and 24 give a view of the superficial muscles and 
tendons of the fore-arm and hand of a full-grown male Gorilla and 
Man of correct relative size. The portion 
of the triceps is seen in tJie Gorilla at 2 " ; 
in Man at s', in whom the origins of the 
carneous fibres of that part from behind the 
inter-muscular septum are continued lower 
down the humerus. The ^ brachialis anticus ’ 
is seen at 4 , fig. 23, and 17 , fig. 24. This 
muscle is not so completely differentiated 
from the deltoid and supinator longns in 
the Gorilla as in Man, nor so individualised 
as a single muscle : its two portions being 
more distinct. The bicei)s, fig. 23, s, 
maintains in Man more of its full fleshy 
character to the sending off of the tendon, 

3 ', to the rough })osterior margin of tlic 
tuberosity of the I’adius, gliding over the 
anterior smooth surface of that jirocess with 
an intervening ‘ bursa.’ The aponeurosis, 

3", sent off to the fascia of the fore-arm 
crosses the ^pronator teres.’ This muscle, 

8, fig. 24, is attached to the outer side of 
the radius below the middle of the bone in 
the Gorilla, but rather above it in Man, 

The double origin, viz. from the inner 
liumeral condyle and the coronoid process of 
the ulna, is better defined in Man, fig. 23, 6. 

The ^ palmaris longns,’ fig. 23, 8, arising 
as a distinct muscle in Man from the inner 
humeral condyle, is a fasciculus, 3 , of the 
‘ flexor carpi ulnaris ’ ( 3 , fig. 24) in the 
Gorilla; but, as this muscle is subject to 
variation, and sometimes absent in Man, it 
may show analogous inconstancy in the (io- 
rilla. The flexor carpi ulnaris is inserted into 
the })isiforme in both Man and Ape, but the 
fleshy and tendinous parts are better defined, 
and the latter relatively longer and more slender in JVfan, fig. 23, y. 
The flexor carpi radialis arises in Man, fig. 23, 7 , from the inner 
condyle, from the antibrachial fascia and sej^ta continued there- 
from lietwcen the pronator teres, f>, and ])almaris Jongus, 8 ; hut 
in the Gorilla, fig. 24, 4 , it derives a considerable accession <]f 


VJ 


Musclee of the foro-arm and hand, 
M/ui. 
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fibres directly from the radius, and its tendon is shorter and much 
o. thicker than in Man. 



In both it passes 
through a pulley pro- 
vided by the traj^ezium 
to its insertion into the 
base of the metacarpal 
of the index. The 
tendon of the supina- 
tor longus in the Go- 
rilla^ fig. 24, 4 ', is also 
shorter and thicker, 
and is not crossed^ as 
in Man, by the exten- 
sors of the metiicarpiil 
find first phalanx of 
the pollex (fig. 23, 11 
and 12 ) before its in- 
sertion into the styloid 
])roccss of the radius. 
Part of 'the carncous 
mass of the flexor siib- 
limis digitoriim is seen 
at 13, fig. 23, and (/, 
24. External to 

O 

this a greater pro- 
portion of the flexor 
j>rofundus appears in 
the (iorilla, fig. 21, c, 
than in Man, fig. 23, 

15. The flexor longus 
l)0ll ieis, fig. 23, 14, cx- 
j)ends its force in the 
Gorilla, fig. 24, 20 , 
upon both the pollex 
and index, furnishing 
tendons to the distal 
phalanx of each, but 
the largest and most 
direct being that to the 
index. There are mo- 


ifii.-'Oli’.s i>f I 111' fore . 'inn ainl hainl. «iorill.i. 


difieations of minor 


iin}>ortancc in the origin of this muscle which tend to give it a 
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character of being part of the system of tlie ^ flexor profundus’ 
in the Gorilla. 

The relations of the tendons of the superficial and deep 
flexors to each other and to the digits arc much alike in 
Man and Ape, but the tendons are relatively broader, and 
their restraining and strengthening sheaths and bands stronger 
in the Gorilla; those formed by the oblique decussating liga- 
mentous fasciculi, as- in the mid-finger of fig. 23, are more 
distinctly shown in Man than in the Ape. The muscles acting 
on tlie metacarj)al and first phalanx of the pollcx — fig. 24, 2>, 
‘ abductor,’ ib. 24, flexor brevis, ib. 25, adductor — are longer 
and more slender in the Gorilla. The abductor in Man is shown 
at fig. 23, 17. In the Gorilla the abductor minimi digit! ’ is shown 
at fig. 24, 10 ; the ^flexor brevis’ at n ; the tendon of the flexor 
j)rofundus at 13; that of the Mlexor siiblimis ’ at e'. Two of* 
ihe ‘ lumbricales ’ are shown at 14 and 28 , and one of the 
intcrossci at 27, fig. 24. The carncous part of the common 
extensor of the fingers is continued to the wrist in the Gorilla ; 
three strong tendons go to the second, third, and fourth digits, and 
a fourth, less strong, to the fifth digit. This digit also receives 
the tendon of an extensor minimi digiti, and the index a small ten- 
don of an ^indicator’ which is more completely blended with that 
of the ordinary extensor, besides being more feeble, than in Man. 
The extensors of the metacarpal, first and last phalanges of the 
])ollex, arc ju’esent in the Gorilla, but of smaller size than in 
Man. 

Ill the Gorilla the portion of the biceps cruris derived from the 
ischiadic tuberosity, and inserted, fig. 25, 4, into the outer part 
of the head of the tibia, is more distinct than in Man from that, 
ib. 5 , derived from the femoral linea aspera and inserted into tlui 
head of the fibula, and which exjiands, 5 ', u])on the cnemial fascia. 
The external gastrocnemius, fig. 25, 7, continues longer distinct 
from the internal, and both present longer but narrovver and 
thinner carncous portions than in Man. The solcus, ib. 8, arises 
exclusively from the fibula and is much narrower than in Man, 
where it also derives fibres from the oblique line of the tibia and 
from the middle third of its internal border. The margins of the 
Unidon of the soleus first unite with those of the gastroenemins, 
the middle part continues distinct to near the calc*ancum. The 
])lantaris has not been met with in the Gorilla. The peronens 
longus, fig. 25, 2, has a longer carncous and shorter but thickcj* 
tendinous part in the Gorilla than in Man : the course and 
insertion of the tendons are the same. The ])croncus brevis,* 
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il). ly, very closcJy repeats the characters of that muscle hi 
Man, llic ^tibialis aiiticus/ tig. 25, 17, commences by a l)roa(ler 
and more tieshy origin, but gradually decreases as it descencls, 
not swelling out into the well-marked * belly/ as in Man: the 

tendon divides more distinctly and 
dec])Iy to be inserted into the metatarsal 

f of the hallux and the en toe unciform 

bone. The extensor longus digitornm, 
witli the same relations at its origin 
to th() tibialis anticus and ])oroncus 
longus as in Man, divides, after 2 )ass- 
ing umler the annular ligament, into 

innermost of which subdivides to su[)- 
])Iy the second and third toes. Tlie 
extensor longus hallucis sends its ten- 
don to the last phalanx of the hallux, 
as in Man. The sliort extensor of the 
toes, ib. 20 , also sends off a strong fasci- 
culus, 2o', the tendon of which acts 
upon the proximal plndanx of the hal- 

dons to the second, third, and fourth 

The long flexors of the toes are dis- 
tinguished in the Gorilla, as in lower 
Qiatdnintnna, by their relative posi- 
tion at the back of the leg. Tlie one 


tlirongli^ a strong^ liga- 

W behind the inner malleo- 

sole, wdicre it 
divides into three chiet 
tendons which arc con- 
uected with those of the 
accessorius.’ In 
fig. 26, the divisions ol* 
the long tibial flexor, i, 

Mu«u . „( .!» UB au.i f„„i, . . arc cut and reflected ; la 

goes to the fifth toe ; 4 is 
the pertbrat(’d tendon of the fourth toe, \ , reinforced by carncons 
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fibres from tlic deeper surface of the main tendon ; i/> is the (ciw 
don to the last phalanx of the second toe. 


26 27 



AlUfloU’s of the fool, (ioijll:!. i of ( lie foul , M.m 


TIic long fihnlar flexor of the toes, arising from the back part 
of the fibula and interosseous ligament, grooves by its tendon the 
j)osterior ])art of the tibia, the astragalus and the ealcaneuni, and 
divides at the sole, fig. 26 , 2, into the perforating tendons of the 
hallux, 2c, tlie third, 2Z1, and the fourth, 2 a, toes. The portion ol‘ 
the flexor brevis which rises from the calcaneum dividcis into two 
tendons which form the perforated ones of the third, 3', and 
second, 3", toes. The short muscles giving tlic grasping {)ower 
to the hind tluimb arc, 8 , ‘ abductor hallucis,’ 0, ^ flexor brevis 
hallueis,’ 10 ^adductor obliquus hallucis,’ and 11, ‘adductor trans- 
vcrsalis hallucis.’ The lumbricalcs and iiiterossei are powerfully 
developed. In the Orang the long fibular flexor sends no tendon 
to the hallux. 

The ordinal modification of the liind- or lower-«limbs for the 
whole work of sustaining and moving the body, in Bimava, is 
accompanied by well marked and considerable modifications <d‘ 
the toes, the chief of which arc Illustrated by comj)arison of 
the figure, 26, from the highest ape, with fig. 27. The long 
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fibular flexor now becomes the ^ flexor longus liallucis/ and con- 
centrates its force exclusively on the tendon, 2, 2 c, which goes 
to the last phalanx of the hallux, i ; this tendon is twice the size 
of any of the divisions of that of the long flexor on the tibial side. 
This is limited to the function implied by the name ‘flexor longus 
digitorum pedis,’ its tendon, fig. 27, i, sending off successively the 
perforating tendons to the second, third, fourth, and fifth toes. In 
fig. 27, arc shown the insertion of the ‘tibialis posticus,’ 15; the 
‘flexor brevis minimi digiti,’ 7 ; the ‘ flexor brevis jiollicis,’ inserted 
into the outer, 9, and inner, lo, sesamoids, the adductor pollicis, 8, 
and the peculiar ‘ transvcrsalis pedis,’ lo, arising from the under 
surface of the distal and of the fifth metatarsal, crossing three of* 
the other metatarsals, to be inserted into the outer side of the 
proximal phalanx of the hallux, blending there with that of the 
‘ ad<Iuctor pollicis.’ 

The heel being the lever-power by whicli the whole superincum- 
bent weight of the body is raised in the peculiar ‘ walk,’ or bipedal 
gait, of Man, muscles that arc distinct in quadrupeds arc here, 
contrary to ordinary rule, blended, or have a common insertion. 

Not only the outer and inner gastrocnemius, but the solcus, and 
even the plantaris, might he regarded as so many origins of the 
same muscle, which combine and concentrate their forces upon 
the calcancuin. 

The ‘panniculus carnosus’ of quadrupeds is reduced in Bimana 
to the ‘ platysma myoidcs,’ fig. 28, j>, Avhich extends from 

the up])cr and fore j)art of the chest upward over the front and 
side of the neck to the mandible and lower part of the face, wliere 
the two muscles meet l)clow the symphysis. The middle fibi cs 
arc attached to the base of the jaw, and ])ostcriorly ascend to the 
fascia of the masseter ; the anterior ones ascend with the dej)ressor 
anguli oris and (luadratus menti to the lower li]) and angle of the 
mouth. In many instances there is a strip from the ])arotid fiiscia 
which converges to this angle, and constitutes the ‘ risorius San- 
torini.’ The ])latysma draws down the lower j)art of the face, ov, 
by a slighter action, the lower lip: the ‘risorial’ slij) tends to 
raise the angle of the mouth. Most of the muscles of the face 
are attached at one part to bone, at another to skin or to some otlun* 
muscle. The skin of the human face is remarkable for its tenuity, 
flexibility, and abundant siq)ply of vessels and nerves; its vascu- 
larity tinting the checks and lips ; it is more adherent and the 
subjacent cellular tissue is denser along the median line than at 
other parts. 

The ‘ orbicularis oris,’ fig. 29, o o, has no attachment to bone. 



MUSCULAH SYSTEM OF MAMMAEIA . 61 

It consists of two semi-elliptic planes of muscular fibres which 
surround tlie mouth and interlace on either side with those of 
the ‘ buecinator ’ and other dilators of the oral orifice. The ex- 
ternal or peripheral surface adheres to the skin, the internal or 
iwsterior surface is covered by the mucous membrane of the 
mouth. Acting as a whole it closes the mouth, bringing the lips 

28 2!) 




fcJupcrllfiul inuBck'.s of tlio liojid and neck. Mu.soIcm of the fare. 

in contact and pressing them firmly together, but the up]>cr and 
lower halves can act separately, or the fibres of one side may 
contract while the others are quiescent, so that different [larts of 
the lips may be moved by different portions of the muscle, which 
may be regulated or antagonised by the muscles which con- 
verge to the mouth. A pair of accessory strijis to the orbi- 
cularis, ^ accessorii orliicidaris superioris,’ rise from the alveoljir 
border of the premaxillary, and arching outward oh each side are 
continuous at the angles of the mouth with the other muscles 
there inserted. A second pair, ^ naso-labialcs,’ descend from I he 
septum of the nose to the upper lip, but with an interval, (*or- 
r(?spouding with the depression on the skin beneath that scptiuu. 
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The ^levator labil superioris,’ fig. 29, /, arises from the lower 
margin of the orbit, and descends to be inserted into the 
cnlaris and the skin of the upper lij). The ‘ levator anguli oris,’ 
fig. 29, c, arises below the suborbital foramen and descends, 
inclining outward, to the angle of the mouth, blending its fibies 
with those of the zygoinatici and orbicularis. The ^ zygomaticus 
major,’ fig. 29, .3, is cylindrical, rising from the malar and de- 
S(;ending obliquely inward to a similar insertion at the angle of the 
month. The zygomaticus minor, fig. 29, 3 , arises in front of the 
zyg. major, and jiassing downward and inward to the angle of 
Ihe mouth, where it is continuous with the outer margin of the 
le valor labii siipcrioris. The levator menti is a conical fasciculus 
a rising from I he incisive fossa of the mandible, external to the 
symphysis, and expanding as it descends to be inserted into the 
integument of the skin. The ‘ depressor labii inferioris,’ fig. BO, 
</, azv's'cs Ihmi the inner half of the external oblique line of the 
mandible^ and is partly also continued from tlic ])latysma: its 
fibres ascend, inclining inward to be attached to the lip, where 
they blend with those of the orbicularis oris. The ‘ depressor 
anguVi oris,’ fig. 29, t, arises from the external oblique line of the 
mandiVdc : its fibres ascend and converge to the angle or commis- 
sure of the lips, blending with the other insertions at that part. 

The buccinator, fig. 30, /), arises from both u])per and loAver 
jaws and the ptery go-max illary ligament: its fibres line 
the cheek and converge toward the angle of the mouth, where 
some decussate, the lower ones going to the upper segment of 

the orbicularis, the upjier ones to 
the lower segment, while other 
fibres are continued forward into 
the corresponding lip. '^fhe buc- 
cinator acts, in antagonism with 
the orl)iciilarls, in sjnrting fluids 
from the mouth and in jilaying on 
wind instruments. In mastication 
the buccinator jiresscs the food from 
betAveen the check and gums into 
the cavity of the mouth. It assists 
also in deglutition Avhen the mouth 
is closed, liy pressing the food back- 
AAard. The ‘ levator labii superior is 
ala*([ue nasi ’ arises from the nasal 
process of the maxillary, descends 
obliquely outAvard and divides, a short strij) being attached to 




LOCOMOTION OF MAMMALIA. 


(V3 

tlic cartilage of the ala nasi/ the outer and longer strij) to the 
skin of the upper lip near the nose, and becoming blended witli 
the orbicularis and levator labii proprius. The ^ triangularis nasi/ 
or ‘ compressor naris/ figs. 29, and 30, 7^, arises from the maxillary 
external to the incisive fossa: its fibres proceed upward ami 
inward, expanding to an aponeurosis continuous, over the bridge 
of the nose, with that of the opposite muscle. The ^depressor ahe 
nasi ’ is a short flat muscle radiating upward from the myrtiform or 
incisive fossa of the maxillary ; it sends upper fibres to the set)tum 
and back part of the ala3 nasi and lower ones into the orbicularis 
oris. The ^ orbicularis pal])ebrarum,’ fig. 29, e, surrounds the 
orbit ajid eyelids : it arises from the internal angular process of 
the frontal, from the nasal process of tlie maxillary, and by a 
short tendon at the inner angle of the orbit. It rapidly cx])ands 
to form a broad thin elliptical ])lane of fibres : the pal 2 )ebral ])or- 
tion is thin and jiale : the orbital portion is thicker and of a 
reddish colour. The action of the muscle is that of a s])hinctcr, 
the curved fibifll in contraction approaching the centre ; but as 
they are fixed at the inner side the skin to Avhich the muscle is 
attached is drawn toward the nose, and becomes corrugated into 
folds which converge toward the inner canthus. The ^ corrugator 
su2)ercilii, is a small triangular muscle jdaced at the inner end of 
the eyebrow, arising from the same end of the super^n'liary ridge: 
its fibres j:)ass upward and outward to be inserted Lito the under 
surface of the orbicularis palpebrarum. It de])resses the eye- 
brow, and, in conjunction with its fellow, throws the integuments 
into vertical folds as in the act of frowning. The S)cci 2 )ito- 
frontalis ’ consists of an anterior and posterior carneons expansio?! 
united by a broad ^ ct^icranial,’ aponeurosis. The anterior inus(de, 
fig. 28, fy consists of two lateral j)ortions, each connected in- 
ftjriorly with the integument of the corresponding (‘ycln’ow, and 
slightly overlap})ed by the ‘orbicularis.’ The posterior or oc- 
cij)ital i)ortion, ib. o, also consists of a ])air, attached inferiorJy to 
the u])per curved line of the supcrocci])itaI, and to the nnistoid. 
'^Hic fibres arc ])arallel and nearly vertical. The action of this 
muscle is most apj)arcnt U 2 )on the skin of the forehead and th(i 
eyebrows : it raises the latter and throws the former into trans- 
verse wrinkles. 

§ 202. Locomotion of Mammals , — In the movements of the 
human frame the three kinds of lever are exemplified. Those of the 
head u]>on the atlas are on the principle of the first kind, fig. 31, 
in which the fulcrum F is between the ])ower p and the resistnnee 
w. When the body is raised on tip-toe by the acfio/i ot the. 
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muscles on the heel-bone, fig. 37, //,' the uetion is that of the secoiul 
kind of lever, in wliich the resistance (id* the tibia on the astraga- 
lus), as in fig. 32, w, is between the fulcrum F (afforded by the 
ball of the hallux), and the power a (tendo achillis). 

ai 32 



In lifting a weight in the hand by motion of the fore-arm only, 
fig. 33, the elbow-joint is bent ; the power (of the flexors of the 
fore-arm) being applied (as by the biceps, p) uta, between the 
lulcrum (elbow-joint)/, and the resistance w; or /v^ccording to the 
third kind of lever exemplified in fig. 34, 

The mechanism ol the pulley is exemplified in the passage of the 
tendons of the peronci muscles through the groove of the external 
malleolus of the liuman ankle-joint, in the tendon of the obturator 

33 



internus gliding through the groove in the os ischii, in the tendon 
of the circumflexus palati ])assing through the hamular jirocess of 
the sphenoid bone, in the tendon of the obliqiius superior gliding 
through the ring attached to the frontal bone, and in several 
other instances where a change of the directions of the limbs 
results from tendons passing over joints, through grooves in 
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bones, or under ligaments, by which the mnscles arc capable of 
])rodiicing efte(‘ts on distant organs without disturbing the sym- 
nietry of the body, an effect Avhich, owing to the limited power 
of contraction in the muscles, could 
be accomplished in no other way. 

The joints in the mammalian 
skeleton are cliiefly of two kinds, 

^ ginglymoid ’ or hinge-joints, and 
^ enarthrodial ’ or ball-and-socket 
joints. In INTan the former are less 
definitely fitted for motion on one 
j)lane tlian in most brutes. The 
arm and fore-arm move in concen- 
tric planes upon the elbow-joint; the knee-joint allows a certain 
rocking motion of the leg upon the thigh ; the ankle-joint has a 
greater latitude of motion, and the foot may be directed out of 
the plane of the leg’s motion. 

Atmospheric pressure exercises its influence upon joints. Dr. 
Arnott estimates the amount of that on the knee-joint at 60 lbs. ; 
Weber of that on the hij)-joint at about 26 lbs. : in the hip-joint 
of the Megatherium the iircssure could not have been less than 
150 lbs. 

A. Sivhmnm^. — Quadrupeds with inflated lungs are of less 
specific gravity than water, and swim by alternate extension and 
flexion of their legs; the effective stroke being the act of extension, 
when the limb presents a larger area to the an atcr than in flexion : 
this is seen in the Horse, Avhich strikes the Avater Avith the ex- 
])anded and subconcave surface of the hoof, but draAvs the convex 
conical part through the Avater in the bending of the limb pre- 
])aratory to the next effective stroke. In the best Avatcr dogs the 
digits are connected by webs, AAhich are stretched in the back or 
doAvn-stroke, folded in the return movement. The feet of the 
Otter are broader, es])ecially the hind ones, and more fully pahnated. 
The Seals and AVhalcs have the limbs fashioned as fins. 

Man, with the chest vvell expanded, is lighter than Avater : the 
presence of mind Avhich counteracts the tendency produced by 
iminersion in a cold and dense medium to expel the air from the 
lungs is the first safeguard against droAvning ; and next, if the 
art of swimming has not been learnt, to keep the head immersed 
to the mouth and nose, and to refrain from the misdirected 
struggles of te;Tor which tend only to hasten on the catastrophe. 

In SAvimming, the hands and feet are employed so as to present 
the greatest surface to the water in the effective stroke, the least in 
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the preparatory movement ; in this the hands are brought near the 
mesial plane, with the palmar surfaces parallel to each other ; 
they are then thrust forward by the extension of the arm, with 
the points of the fingers in advance to cut the water with the 
least resistance ; when the hands have nearly reached their greatest 
distance from the centre of gravity, they are rotated by pronation, 
so that the palms are directed at an oblique angle outward and 
* downward ; they arc then for(;ed backward by the abduction ol 
the whole nrni through a largo arc of a circle, having the shouldcr- 
joint for its centre^ and the length of the arm for its radius ; the 
fore-arm is then flexed, and carried into its former position pre- 
jiaratory to making another stroke. During the extension of the 
arm, the feet are drawn toward the centre of gravity^ with their 
convex surface directed obliquely backward by the extension of 
the ankle and flexion of the hip and knee joints, and during the ab- 
duction of the arm the flat surfaces of the feet are driven forcibly 
backward and downward by the sudden extension of the leg. 
From the ratio of the areas of the liands and feet, and the ratio 
of the difference of their velocities in the two strokes, there results 
such a preponderance of the force in the vertical direction upward 
and in the horizontal direction forward as is siiflicient to keep the 
rcs])iratory o])enings above the surface of the water, and to over- 
come the resistance which the water opposes to the motion of the 
body, due to its figure and velocity. 

13. Movlvij on LdiuL — In mammalian quadru])cds the limbs 
arc usually long, and supjiort the trunk horizontally, iqdifted 
from the ground, as on columns expanded at their base. The 
uppermost long bone is single, the next two form a pair, side by 
side, and these rest on mure numerous ossicles, transferring the 
weight u])ou the base of two, three, four, or live diverging piles: 
the single hoof of the Horse seems an exception, but It, too, ex- 
])ands to its base. The shafts of the long bones arc liollow, 
agreeably with the principle of combining greatest strength with 
least weight. According to the lightness and speed of the quad- 
ruped, the limb-bones are inclined to each other’s axes at a 
greater angle. In the colossal Elephant and Megathcre they 
rest on each other almost vertically, in supporting the trunk. 
The horizontal trunk and produced head and neck of quadrupeds 
cause the largest j)roportion of the weight to fall u2)on the front 
pair of supporting columns, of wdiich, accordingly, the angles of 
the joints arc less, and the direction more vertical than in the hind 
})air, as is Avell exemplified in the hoofed kinds (vol. ii. figs, 307, 
309,310). 
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In walking, the Horse, if the right side he in advance, moves 
first the left hind-leg, second the right fore-leg, third the right 
hind-leg, fourth the left fore-leg; propelling the centre of gravity 
forward over a space equal to the length of the first step. When 
the left hind-leg is in the act of advancing, the trunk is siip})ortcd 
on the other three legs and is balanced on a triangular instead of 
a parallelograinmical basis. A succession of movements of the four 
legs, in the above order, constitutes the jn^ogression by walking 
in most quadrupeds ; its rapidity depends on the time occupied 
in the series of movements by which the limbs effect the step. In 
a large well-made Horse one foot may move the length of a step 
in a second of time, when each leg may swing during one quarter 
and rest on the ground three quarters of a second. Ilapid ^valkcrs 
do it in less time, and the interval between putting down one leg 
and lifting another becomes inappreciable. In quadrupeds with 
limbs unusually long in pro])ortion to the trunk there is a modifi- 
cation of the act of walking : the Camel and Giraffe seem to 
swing along by moving the two right limbs together and alter- 
nately with the two left limbs. But, though in a quick walk the 
two legs of the same side seem to be moved forward simul- 
taneously, and arc both off the ground at the same time through 
the greater part of the step, yet on close ins 2 )ection the hind-leg 
is seen to be first lifted from the ground, and after a very brief 
interval the fore-leg of the same sidc.^ In this Wciy of walk the 
trunk is balanced on a linear basis of support, alternately trans- 
ferred from one side to the other. In the Giraffe the long n(;ck 
is then stretched out in a line with the back, giving the animal a 


stilf and awkward a])pearancc; but this is lost when they commence 
their graceful undulating amble : 


the motions of the legs are now 
2 )eculiar; the hind- 2 )air are lifted 
alternately with the fore, and are 
carried outside of* and beyond tliem 
by a kind of swinging movement.^ 
In the pace of the Horse called 
the ^trot,’ the legs move in pairs 
diagonally, those marked n, e, fig. 
35, c.g. being raised as soon as A, D, 
strike the ground : the bases of siq)- 



j)ort are alternately in the lines a, d, b, e ; and the undulations from 


the jjrojection of the trunk are in tlie vertical, not as when walking 


F 2 


* xevir. p. 244. 


* Ib. p. 244. 
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in tlie horizontal, plane. Moreover, in the rapid trot, each leg 
rests a short time on the ground and swings a longer time. 

The gallop includes three combinations of movements of the 
limbs. When the Horse begins the gallop on the right hind-leg, 
the left one reaches the ground first ; the right hind and left fore- 
legs next, simultaneously, and the right fore-leg last ; this is termed 
the gallop of three beats. In the gallop where the four legs strike 
the ground successively, the left hind-foot reaches the ground 
first, the right hind-foot second, the left fore-foot third, and the 
right fore-foot fourth; this is the ^canter,’ or gallop of four beatSy 
but it is not the kind of movement adapted for great speed. The 
galloi) Avherein tlie legs folloAv the same order as in the trot — 
that is, the Ief*t hind and right fore-feet reaching the ground simul- 
taneously, then the riglit hind and left fore-feet — is the order in 
which horses move their feet in racing, Avhere the greatest speed 
is required, and is called \X\Q.gallo 2 ) of two beats. In the ^ amble,’ the 
two legs on one side rest on the ground and propel the centre of 
gravity forward, Avhilst those on tlie opposite side are raised and 
advanced, and, on taking a ncAV position on the plane of motion, 
the former pair are raised and advanced in a similar manner : 
these successive actions are accompanied by considerable lateral 
motion. This resembles the gallop of the Giraffe, and is a result of 
special training in the Horse, In the ordinary gallop, the centre 
of gravity moves in a vertical plane, and describes the path of a 
projectile. The space passed over on the plane of motion is equal 
to the horizontal velocity of the centre of gravity multiplied by the 
time. According to Haiiibell, the horse Eclipse, when galloping 
at liberty and with its greatest speed, passed over the space of 
twenty-five feet at each stride or leap, which he repeated 2} times 
in a second, being nearly four miles in six minutes and two seconds. 
Flying Childers Avas computed to have passed over cighty-tAA^o feet 
and a half in a second, or nearly a mile in a minute. In both 
these famous racers the muscidar system had be*en alloAved to gain 
its full dcvelopcmont, as at four years, before being exercised for 
the course : modern impatience strains and spoils the muscles by 
the chief prizes being allotted to threc-ycar-old horses. 

In many Marsupials and Kodents the hind-legs arc shorter 
than the fore-legs, the dis])roj)ortion being greatest in the Kan- 
garoos and J<erboas. In sIoav progression the Kangai\Ao supports 
the body on the tail and fore-legs, Avhile the hind-legs arc simul-' 
taneously moved forAA ard outside and in advance of the fore-legs ; 
the base of support being here transferred from a triangle to a 
transverse line. In full speed the tail is rigidly outstretched to 
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afford a firm fulcrum to muscles passing from the caudal vertebra? 
to tlic })clvis and liind-liinbs : the short fore-limbs arc tucked up 
to the clicst so as to offer the smallest surface to the air, and the 
animal ])rogr(^sses in a scries of bounds by simultaneous move- 
ments of the liind-limbs. 

The Kabbit, in moving sloAvly, advances the fore-feet tAvo or 
three steps alternately. The body being thus elongated, the hind- 
legs are suddenly extended and draAvn forward simultaneously : it 
thus, as it Avere, Avalks with the fore-legs, and leaps with the hind. 
The Hare is under disadvantage Avith its long hind-limbs in 
running doAvn-hill, owing to the great inclination of the axis of 
the trunk to the plane of motion, and it usually zigzags as it 
descends ; but it gains proportionally in the ascent, and its s])ee(1 
on level ground, through the size and strength of the chief pro- 
pelling limbs, is very great. The degree of flexion of the trunk 
accompanying the movements of these and other quadru])eds is 
indicated by that in Avhich the neural spines converge toAvard the 
single vertical one marking the centre of motion, and it is 
commonly greatest in the unguiculate quadrupeds. 

The verticality of the long and narroAV tarsus and metatarsus 
producing the ^ digitigradc ’ character of the type Carnivora^ com- 
bines Avith the geometrical and physical relations of the other parts 
of the limbs to give them their superior speed and ag<iity. In the 
Dogs and Cats the oblique scapula, being unfettered by bony 
(clavicular) connection Avith the sternum, enjoys the freedom of 
rotation Avhich characterises it in the SAvift Ungulates. The 
humerus in the Lion (vol. ii. fig. 337) has its axis directed doAvn- 
Avard and l)ackAvard, forming AAuth that of the scapula an angle of 
110°. The olecranon projects so far behind the axis of rotation 
in the elbow-joint as to constitute a poAA^erful lever for the exten- 
sors of the fore-arm. The hind-Jiinbs are longest, aTul the bones 
are inclined more obliquely to each other than in the fore-limbs, 
subserAuently to elasticity and poAv^er in springing. The calca- 
ncum is ])roduccd on the same juinciple as the olecranon, but 
forms the more powerful lever of the two. The last perfection is 
given to the limbs of Carnivora by the modifi(‘ations of the toes of 
Felines, aa hereby their tread is noiseless, and the claAvs exempt 
from the Avear and tear of progressive motion. It is effected by 
a joint alloAving the ungual phalanges to be broiighf in extension 
above the middle jdialanges, clastic ligaments being adjusted to 
keep the joint so extended, and by a thick cushion of soft clastic? 
substance beneath the joint or parts of the phalanges transmitting 
the superincumbent Aveight to the ground. 
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In the toes of the fore-foot the last phalanx is retracted on the 
ulnar side of the second phalanx. The principal elastic ligament 
arises from the outer side and distal end of the second phalanx, 
and is inserted into the upper angle of the last phalanx : a second 
arises from the outer side and proximal end of the second phalanx, 
and passes obliquely to be inserted at the inner side of the base 
of the last phalanx : a third arises from the inner side and 
proximal end of the second phalanx, and is inserted at the same 
j^oint as the preceding. The tendon of the ^flexor profundus 

perforans’ is the antagonist of these 
ligaments. The toes of the hind-foot 
arc retracted in a different direction, 
viz. directly upon, and not by the side 
of, the second ])halanx ; and the elastic 
ligaments are differently disposed. They 
are two in number, arise from the sides 
of the second phalanx, and converge to 

Elastic ligaments of Lion s oinw. inserted at tlic suporior auglc of til G 

last phalanx. In fig. 36, a is the pair of elastic ligaments ; 
the tendon which pulls out and works the claw; c, inelastic 
ligament continued from the ^ extensor ’ tendon, which is mainly 
inserted into tJie second plialanx.’ 

The main purport of the modifications of the motory system in 
Quadrumana is to make them climbers. By the dcvelopernent 
and direction of the hallux the hind-foot is converted into a 
hand, with unusual power of prehension, especially in the Gorilla ; 
the joint of this band is so modified as to give it a free motion 
cxccntric to the axis of the leg, whereby its outer edge is applied 
to the ground ; the whole hind-limb is shortened, dis])roportion- 
ately so in the best climbers (vol. ii. fig. 180), in Avhich also the 
hind-limb may be unfettered, for its acts of manipulation, by the 
absence of the ^ liganientum teres ’ of the hip-joint {Pitliecas). 
The length of the iliac bones relates to elongation of the muscles 
tor rotating the hiiid-limb and hand more quickly and through 
greater spaces. Corrclatively, the scapular arch a})proxlmates 
to the condition of the pelvic one by the extension of coin])lcte 
clavicles to the manubrium, and the head of the humerus is re- 
ceived into a dee])er and more secure socket than in Bimana. 
This is well exemplified in the long-armed Gibbons, which enjoy 
the peculiar mode of locomotion called ^ brachiation.’ The body 
is set into pendulous vibration by the action and reaction of the 

‘ The (lisscptioiis of the Lion’s foot showing the abovc-doscrihed niudiiications of 
the elastic ligaments are Nos. 287a and 28Sa, Physiol. Series, vol. i. xx. 
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muscles of one arm and of the trunk, the force finally attained 
and the swing being such as to propel the animal some distance 
through the air ; a bough is seized by the opposite out-stretched 
arm, and the momentum is applied in aid of a repetition of 
the action to gain a longer launch. I have myself witnessed, in 
the London Zoological Gardens, an aerial leap of upwards of 
fifteen feet so effected by the long arms of a captive Hylobat. 
M, Duvaucel, observing them in their native forests, testifies to 
their passing through a distance of forty feet from bough to 
bough. Mr. Martin, when curator of the Zoological Society’s 
Museum, watching the same female Ilylohates ayilis wliich liad 
been the subject of my own study of the brachiating mode of 
motion, states that, ^ a live bird being set at liberty in her pre- 
sence, she marked its flight, made a long swing to a distant 
branch, caught the bird Avith one hand in licr passage, and at- 
tained the branch with her other hand, her aim both at the bird 
and the branch being as successful as if one object only had 
gained her attention.’ ^ 

In most of the Platyrhine monkeys the tail is prehensile, and 
becomes, in Ateles more especially, a fifth independent organ of 
grasping. 

In ordinary jn’ogression on the ground the Qnaflrummta mov^ 
as quadrupeds; but the higher tailless Catarrhii« s (Apes), in- 
stead of setting the palm or outer margin of the fore-hands, 
like the inferior families, to the ground, apply the back of the 
second idialanges of the flexed fingers, the skin covering Avhich 
has a broad and thick callosity, whence these apes are sometimes 
called collectively, ^ knuckle-walkers.’ The longer-armed kinds, 
in slow movement, support the body upon the knuckles, as 
upon a pair of crutches, and swing the hind-limbs forwai*d 
between them. In more rajnd movement they sway the trunk 
and hind-limbs in a sort of sidelong SAveep, progressing by a kind 
of shambling amble. The tracks of the Gorilla show this to be 
the habitual mode of progression along the ground. Station or 
motion on the lower limbs only is shoAvn to be difficidt l>y its 
a^vkAvardness and the shortness of time during Avhich it can be 
maintained. The Av^alk is a waddle from side to side, the huge 
superincumbent body being balanced by sAAonging movements of 
the long arms, or by clasping the hands behind the* head. When 
so pursued as to be driven to stand at bay, the Gorilla, like the 
])lantigradc Bear, raises himself on the hind-hands, so as to have 
his poAverful arms and fists free for the combat. 

* XLViii". * xiii *. p. 532. 
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The Bimana are as expressly adapted to station and movement 

on the ground as arc the Quadru- 
mana to climbing in the forest. There 
is no known connecting link between 
the lowest variety of Man and the 
highest species of Ape. No animal 
is served by arms, at once so large 
and variously flexible and applica- 
ble as Man ; in none are the termi- 
nal divisions of the limb so distinct 
in their power and adaptibility.^ 
The mechanism of the vertebral 
column and limbs which makes 
Man a ^ plantigrade biped,’ and the 
only one in the Animal Kingdom, 
is as perfect in the Mincopie,^ 
Australian, or Bosch isman, as in 
the most advanced member of the 
white race. The locomotive frame 
of any variety would equally serve 
as the subject of such elaborate 
analyses of the mechanical condi- 
tions of ^ standing,’ ^ walking,’ ^ run- 





ning,’ ^ lea]>ing,’ &c. as have been 
given by Borclli,*^ Barthez,'* Kou- 
liiV' Gerdy,® and W. &E. Weber, ^ 
to whose Avorks, and especially the 
latter, the reader is referred for 
this interesting branch of Animal 
Mechanics. 


* j,xiv*. ' xxxvir*. ^ cxxxr. 

^ XIV. XV. " XVI-. ^ XU". 

Figure 37 exemplifies a Man stooping with a load, and sustained in that position 
by tlie glutei, f, tlie quadriceps femoris, y, ami the gastrocncmii, /. If the weight r 
be 120 lbs., that of the hearer 150 lbs., and if the line r s be tlie direction of the force 
of gravity cutting the femur and tibia in c and .r, the centre of gravity of the Man being 
at Z», and the common centre of gravity of the Man and his load at then the weight 
of the Man from the head to b will be = * 5 ® lbs. =■ 75 lbs., and that of the section h 
to r, by supposition, = 47 ; therefore the weight of the arc a h c = lb + 47 = 122, 
also by supposition the section c v x — 20, and consequently the whole arc a b v x = 
142; the distance's of the directions of the- muscles from the axes of the joints to 
the distances of the line of gravity arc, according to Borclli, in the following ratio,— 
J the distance fb is to the di>tancc vi b sl9 \ is to 8 ; ^ o v is to ^ v as I to 6 ; ^ k d 
is to y as 1 to 3 ; and t u to & m as 3 to 4 ; hence he derived certain proportions, 
from which he estimated that the extensor museles of the leg, to sustain this Avcight, 
exerted a force = 6032 lbs., being more then fifty times the weight. 
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CHAPTEE XXVIIT. 

NERVOUS SYSTEM OF MAMMALIA. 

§ 203. Myelon. — Tlic myelon in Mammals, 
as in Birds, quits, in the course of develope- 
ment, the hinder part of the neural canal, mov- 
ing and concentrating forwards, and leaving 
the concomitantly elongated roots of the nerves, 
between their places of exit at the intervertebral 
foramina and their places of attachment to 
the myelon, as an indication of the primitive 
extent of the nervous axis. 

It is I’emarkable that the Monotrematous 
order, so restricted in its representative genera, 
should present the two extremes of this deve- 
lo]:)emcntal difference in the length of the 
myelon. The Oriiithorhynchus hai'dly departs 
from the condition of the lizard, the myelon 
extending into the sacrum, and liaving tlic 
intra vertebral nerve-roots limited to the sliort 
canal of the caudal region ; whilst in the Echid- 
na, fig. 38, the myelon moves forward to the 
middle of the dorsal region, d, where it ends 
in a point, and leaves all the canal behind 
occuj)icd by the elongated nerve-roots and 
shrunken emptied myelonal sheath, answering 
to the ^ caiida equina ’ and ^ filuin tcrminale ’ of 
anthropotomy, but of extraordinary length. 

Jn the Ornithorliynchus the myelon fills 
closely the neural canal : it is thickest at its 
commencement and at the lower two-thirds 
of the cervical region ; it is more slender 
in the back, especially near the loins; it is 
slightly enlarged in the lumbar region, and 
gradually terminates in. a point at the end of 
the sacral canal. The short and thick myelon 
of the Echidna presents the two usual enlargc- 



Rrfiin and api’iial rli<Td, 
Echidna, half nat. size. • 
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mcnts, giving origins respectively to the nerves of the pectoral 
and pelvic extremities, the slightly contracted intermediate por- 
tion being extremely short. 

In the Marsupialia the myelon usually extends to the sacrum, 

and presents both brachial and pel- 
vic enlargements which correspond 
with the relative size and muscu- 
larity of the extremities to which 
they furnish the nerves ; the latter 
enlargement is consequently most 
marked in the Kangaroo, fig. 39, but 
docs not exhibit the rhomboidal 
sinus of this part in Birds. The 
disposition of the layer of grey 
matter envelojnng the central me- 
dullary tract in each lateral moiety 
of the chord is shown in the 
tliree situations marked i, 2 , and 
3 ; the superior expansion and com- 
j)lexity of the grey matter in the 
anterior columns of the j)elvic en- 
largement, 3, accords with the ])re- 
dominance of the locomotive over 
the sensory functions in the long 
and strong saltatory legs of the 
Kangaroo. 

In the Lissencephnla we have 
again examples of the concentra- 
live protraction of the myelon into 
the dorsal region, as e.g. in some 
Cheiroptera and in the Hedgehog. 
From the coincidence of the condition 
of the myelon Avith the tegumentary 
covering in JErinaceus and Echidna^ ^yo are led to ask, Avhether 
tlic sliortncss of the solid chord, and the great length of the suc- 
ceeding nerves Avithin tlie neural canal, have any physiological 
relation with the habit, common to both the placental and mono- 
trematous hedgehogs, of rolling the body into a ball Avhen torj)id 
or asleep, or*Avhen the tegumentary armour is employed in self- 
defence. In the bat it AA^ould seem to be concomitant Avith the 
reduced size and function of the pelvic limbs : but, in the Noctulcs 
( Vespertilw 7wrtula), the myelon extends to the lumbar vertebra). 
The anterior enlargement is the chief one in Cheiroptera^ and is close 



Mucrojfvs. 
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to the medulla oblongata, as it is likewise in the Cetacea. In most 
Kodentia the myelon terminates in the lumbar region, but in the 
rabbit it extends a little way into the sacrum. In the mouse the 
relative proportion of the myelon to the brain is as 22 to 100. 

In the Cetacea and Sirenia^ the myelon presents only the 
anterior enlargement, which is very near the brain, and is remark- 
able for the close aggregation of the origins of tlie nerves from 
that part. The myelon is closely invested by the dura mater, which 
is directly perforated by the nerves, and the sheath terminates 
at the pointed end of the myelon, not being continued as sucli, 
over the ^ caiida equina.’ The myelon is small in j)roportion to 
the size of tlie body, shows the central canal, and, Hunter 
remarks, ^ is more fibrous than in other animals ; when an attempt 
is made to break it longitudinally, it tears with a fibrous ap- 
2 )carancc, but transversely it breaks irregularly.’* 

In the Elephant the dura mater surrounds the myelon less 
closely than in the Cetacea^ and the roots of the nerves have a 
longer course within the sheath. In the Giraffe ^ I found the 
myelon closely invested by the dura mater, which was thinner on 
the dorsal than on the ventral side: it is chiefly remarkable for 
the length of the cervical j)ortion, which from the corpora ])yra- 
inidalia to the pectoral or brachial enlargement nicasurcd four 
feet three inches. The elongation of this part during fcetal de- 
velopement proceeding by uniform interstitial addition, the roots 
of the nerves become equally separated from each other ; and, as 
the loAVCSt filament of one root was not further removed from the 
highest of the next bcloAv, than this from the succeeding filament 
of the same root, such filaments were extended over an unusual 
space of the myelon ; the root of the third cervical coming from a 
tract of not less than six inches in length ; the contrast between 
the cervical myelon of the Porpoise and Giraffe in this respect is 
striking. 

With the singular exceptions of the Echidna, Hedgehog, and 
certain bats, the mass of the myelon bears a direct ratio to that 
of the body throughout the Mammalian scries, and its structure 
is essentially the same. In the adult liuman male it a little 
exceeds an ounce in weight ; its tissue is firmer than that of the 
brain. As in all Vertebrates, the ventral and dorsal surfaces are 
respectively divided into equal moieties by a longitildinal fissure, 
of w hich the dorsal is deepest, and, in the Mammalia, closest. In 
Man, the interfissural plate of ])ia mater can be shown to be a 
fold in the ventral (anterior) fissure, fig. 40, but is confluent as a 
* xciv. p. 374. 2 xcvii'. 
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single delicate layer of vascular tissue in the dorsal (posterior) one, 
ib. c, A layer of wliitc neurine accompanies the ventral fold, which, 
when withdrawn, shows the fissure to be closed by such layer, 
])crforatcd by numerous holes for capillaries : its fibres are trans- 
verse and form the ^ white myelonal commissure.’ Tlie depth of 
the ventral fissure is greatest at the pectoral enlargement of the 
myelon, and gradually diminishes towards the ^cauda equina.’ 
The deeper dorsal fissure penetrates fully one-half of the dorso- 
ventral diameter of the myelon through the greater part of its 
course, but becomes shallower in the lumbar region : it is bounded 
by a layer of grey neurine, connecting the same tissue in each 
lateral moiety of the myelon, which layer forms the ^ grey mye- 
lonal commissure.’ 

In the developcment of the myelon, as of the encephalon, the 
central part contains a fluid which is reduced by the endogenous 

growth of neurine, on ap- 
proaching maturity; it re- 
mains in the myelon, as its 
‘ canal,’ which is obvious in 
the cold-blooded Verte- 
brates,* and is exposed, in 
birds, as the ^ ventricle of 
the pelvic enlargement,’ as it 
is in tlie ‘ fourth ventricle ’ 
of all Vertebrates, where it 
bears the name of ^ calamus 
scriptorius ’ in anthro2)oto- 
my. The myelonal canal is 
more obvious in loAver mam- 

Traiisvorso (section of tlic lium.in myelon, rlopc to Ihr tliird 19 1 • nV/T i • 

ami fourth cervical nerves, Magnlfled ten diameters- llialS ^ than lU JMan, aild 111 

' the foetus than in the adult ; 

in whom, whilst unobliteratcd, it is surrounded, like the more 
obvious myelonal canal in liejitilcs, by the grey commissural 
neurine. The canal is lined by ciliate cells.^ The lateral columns 
of this tissue, united by the commissure, are thicker but less jieri- 
jiherally extended in the ventral, y, than in the dorsal. A, portions 
of the myelon. In transverse section the grey neurine resem- 
bles a comma, the concavity of which is directed outward, 
the head, fig. 40, <7, is surrounded by the peripheral white 
neurine, and the tail, ib. A, /, is produced to the issue of the dorsal 
(})osterlor) nerve-roots, ib. /<. The jiroportions of the grey and 

* vol. i. pp. 272, 296. xx. vol. iii. p. 43, 110 . 1362. » xviii**. 
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wliite neuriiie vary in difFerent parts of the inyelon. In fig. 41, 
1 is a section at tlie fore («pper) part of the pectoral enlargement, 
the liead of the comma is small, the tail narrow : in the middle of 
tlie enlargement, section 2, the head is larger, 
with more distinct processes, the tail is thicker. 

In the dorsal region, sections 3, the grey matter 
is more reduced than in the neck. In the lum- 
bar region, sections 4, it again expands, the 
liead shows the stellar character, is fenced off 
from the ventral periphery by a smaller extent 
of white neurine ; the tail is thicker, but here 
becomes shorter and seems not to reach the 
dorsal surface. Near the termination of the 
myelon the comma-shape is lost, and the grey 
neurine reduced to a subcylindrical tract, 
sliglitly notched laterally and surrounded, save 
at the commissure, by the white neurine. Of 
this tissue the largest proportion exists in the 
cervical part of the myelon and its enlarge- 
ment, where the small columns called ^ posterior 
pyramids ’ are continued from the dorsal part 
of the medulla oblongata, contracting to a point, 
near the end of the brachial enlargements, and 
tlierc allowing the j)ro])er dorsal (posterior) 
columns of the myelon to come into contact at 
the posterior fissure. The difference in the 
])roporti()iis of avIuIc and grey neurine in the 
ventral and dorsal tracts of the myelon coin- 
cides with the different nervous endowments 
of the pectoral and pelvic limbs ; in the former 
volition and sensation are greatest ; in the latter 
reflex actions with diminished sensibility : the 
exercise of the arms and hands induces more 
calls U 2 >on cerebral action, that of the legs 
and feet operates more exclusively through 
physical changes of the lumbar part of the mye- 
lon itself : hence, therefore, the need of a greater proportion of 
the reproductive or grey tissue. Numerous multi-caudate vesicles 
are present in the grey 7ieuriiie, and linear tracts are continued 
from the major j)art of its pcrii^hery, as seen in transverse section, 
towards that of the myelon, accompanied by capillary vessels 
which enter the pia mater. 

The proportion of the neural canal to the myelon varies in 




TninsvcT'^e sections o/ the 
liiininn Myelon. 

A. Anterior or ‘ ve ntra\. 
1*. I’osterlor or * dorsal.’ 
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diflferent mammals: it is greatest in the Cetacea, Sirenia ami 
Seal-tribe, the space between the myelon and neural arches being 
occupied by blood vessels, which, in those aquatic orders, are 
chiefly arterial plexuses. In land-mammals and Man the veins pre- 



Communication of the ‘ rcriiicurar sinus with Transv'crso section of dorsal vortchra and 

tljc veins of vertebral centrum, yji", contents of its neural canal, xix". 


dominate, having more or less of the character of sinuses, as sJiown 
in the section of the lumbar vertebra, fig. 42, where the communi- 
cation of the ‘ perineural ’ veins, rf, Avith those of the tissue of the 
vertebral centrum, is sliOAvn. But the most constant fluid exter- 
nal to the myelon is that which has been called ^ cerebro-spinal.’ 
In the dorsal region of the neural canal, in Man, the ])osition of 
this fluid IS shown in fig. 43, Avherc c is the myelon, Avith its pia 
mater and arachnoid, ?u the dorsal or posterior sciitnm, ?i the 
nerve-roots, and « s the sub- or cnt-arachiioid space. The use of 
the uniform support and defence afforded by the interposition of 
this fluid between the myelon and the hard Avails of the neural 
canal is obvious.^ 

The arachnoid is disposed about the myelon, as about the brain, 
after the manner of the serous membranes; it consists of an 
exterior or ^ parietal layer ’ reflected upon the myelon to form the 
internal or ‘ myelonal ’ layer. If a section be 
made through a jiair of nerve-roots, those e.g. 
of the fifth cervical, fig. 44, the arachnoid is 
seen to be continued as a loose sheath, about 
the intcr-iicnral part of the root, ?i n, and is 
reflected so as to form small culs-de-sac, at 
the orifices of emergence. 

Ill Man the myelon is loosely invested by 
the ‘ dura mater,’ to Avhich it is attached by 
111 which the eficcts of the removal of this fluid in the Dog arc described. 


44 



Tfrinsvcrso soctlou of the 
myolou and its incuilininos 
;irn)S3 the roots of the 
llfth cervloal nerves. 


Sl\' 


ENCEPHALON IN MAMMALIA. 


79 


processes of the arachnoid called ^ ligamentum denticulatum,’ and 
the nerve^roots. 

§ 204. Encephalon^ its primary divisions . — The encephalon, or 
brain, of Mammals, 45 

like that of lower 
Vertebrates, Tur- 
tle, fig. 45 (vol. i.. 

Shark, fig. 187, 
and L epidosir cn, 
fig. 186), presents 

four primary seg- Uraln of a Turtle (C7KJ^one),Hiao view. 

ments or divisions, indicated by as many superincumbent, origi- 
nally vesicular, masses, or pairs of masses ; but consisting, not 
only of those, but of tracts of the myelcncejjlialic columns from 
which those masses arc successively developed. 

The hindmost division, or 
^ epencephalon,’ fig. 46, c, con- 
sists of the enlarging parts of 
the myelence|)halic columns, 
called ^medulla oblongata/ of 
the superincumbent mass, e, 
originally a pair in the human 
fdjtus (fig. 47, c), called ^ cere- 
bellum,’ and of a transverse 
commissure of tluit body, called opossum iUiddphM, side view. 

^ tuber annulare ’ or ^ pons varolii,’p; the three parts, so named in 
anthro])otomy, are subordinate 
cl ements of one and the same pri- 
mary division of the encephalon. ^ 

The next division includes 
the parts of the myelcncephalic 
columns, which support, and 
from which are developed, the 
optic lobes, o: it is the ^mesen- 
cephalon,’ figs. 45, 46 and 47,0. 

With the columnar elements 
are the parts called the ^ fillet,’ 
and ‘ processus a cerebcllo ad testes’ in anthropotomy, including the 
^ third ventricle ’ and its prolongations into the vascular appendages 

' The severance of the ‘ pons,’ and raising it, in association with parts of another 
segment, to the rank of a distinct primary division as ‘ mesocephnion,’ and the sever- 
ance of the ‘ medulla oblongata* from the cerebellum, as a co-equal division, called 
‘ metenccphalon,* indicate the warping of the judgment through habitual contem- 
plation of the characteristically modified and developed parts of the human brain. 



Brain of liuinnn foetus, at four months, side vlt'W. 
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called ^ pineal ’ and ‘ pituitary ’ A, glands : a second pair of gangli- 
onic masses are developed in Mammalia behind the optic lobes, 
and received from the old anthropotomists the name of ‘ testes, 
the more constant and iinj^ortant pair being the ^ nates,’ and tlie 
whole, from their arrested condition in Man, forming the ^corpora 
^ quadrigemina ’ or ^ bigemina.’ 

The third primary division of the brain includes the ^ crura 
cerebri’ with the reinforcing or recruiting ganglions called 
^ thalami optioi ’ and ^ corpora striata,’ and the superincumbent 
masses called ^ cerebral hemispheres : ’ it is the ^ prosencephalon,’ 
figs. 46 and 47, P. 

The foremost primary division of the brain includes the anterior 
termination of the columnar tracts, called ^ crura rhincncejihali,’ 
and the appended vesicular mass, called ^ olfactory lobe ; ’ it is the 
^ rhinencephalon,’ ib. K. The nature and value of this division 
arc masked, in Man, by the arrest of its developcment and the 
contrast of the excessive expansion of the vesicular part of the 
antecedent division. Accordingly the ^ crura rhinenccphali ’ are 
termed ^ olfactory nerve ’ with its ^ roots,’ and the primary vesicle 
is the ^ bulb of the olfactory nerve,’ of anthropotomy. 

Each primary encephalic division has its cavity or cavities 
called ^ventricles.’ The cpencephalic prolongation of the mye- 
Jonal canal is the ^fourth ventricle:’ its continuation into the 
prijpaij vesicle is the ^ cerebellar ventricle :’ it is persistent in 
Ashes (vol i p. 273y fig. 178, c), reptiles (ib. p. 295, fig. 1911), 
and birds (vol. ii. p. 120, fig, 45), but is obliterated in Mammals 
Avhere the cerebellum is solid. The ' myelonal canal ’ passes for- 
ward as tlic ‘ third ventricle,’ and ^ iter ’ or communicating canal 
between that and the ^fourth.’ Its continuation into the optic 
lobes, retained in oviparous Vertebrates (vol. i. p. 278, fig. 182, 
A, 5, p. 279, fig. 183, d, p. 295, fig. 193, a, vol. ii. p. 120, fig. 45, 
o,) is obliterated by growth of ncurinc in Mammals ; as is also its 
ascending canal to the ^ pineal appendage ; ’ the descending one 
to the ‘ hypophysis ’ is retained as the ^ infundibulum.’ 

Each cerebral hemisphere begins in Mammals, as in lower 
Vertebrates, as a bladder with a thin wall of brain-substance, the 
cavity including, potentially, all the anthropotomicaP horns,’ ^fore,’ 

^ aft,’ and under,’ of the ‘lateral ventricle,’ which are subsequently 
meted out by. endogenous growths of grey and white neurine, in 
size and shape according to the group or genus. 

In most Mammals Avhich derive so important a share of their 
ideas through the olfactory sense, the ‘ lateral ventricle ’ is con- 
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tinned into the ^ rliinencephalon/ as i^iovvn in fig. 46, d. So 
that all the essential part« of a primary encephalic division, viz. 
the columnar as ^ crus rhinencephali,’ the superimposed mass, and 
the cavity exemplifying the nature of the olfactory bulb as a 
^ primary vesicle ’ of the brain, are present. 

§ 205. Macromyelon . — The epencephalon consists of the ma- 
cromyelon and cerebellum. The term ^ macromyelon ’ is not 
exactly the equivalent of the ^ medulla oblongata ’ of anthropo- 
tomy, the authorities in that department of anatomy having ap- 
plied the phrase in different senses. With Willis,' it included the 
part of the brain beneath the cerebellum and cerebral hemispheres, 
^ all that substance,’ e.g., which reaches from the cavity of the 
callous body and conjuncture in the basis of the head to the hole 
at the hinder part where the same substance, being further con- 
tinued, ends in the ‘ spinal marrow.’ With Vieussens,^ the ‘ oblong 
marrow ’ included the columns of the neural axis between the 
‘ spinal marrow ’ and the ^ cerebral hemispheres,’ with the ^ crura 
cerebri ’ and their ganglionic enlargements, called ^ optic thalami,’ 
and ^ corpora striata.’ Winslow ^ defines the ‘ medulla oblongata ’ 
as the medullary basis common to both cerebrum and cerebellum. 
Haller ^ restricts the ^ medulla oblongata ’ to the intracranial 
myclonal columns, as far as the ^ pons varolii.’ Rolands prefers 
the older view of its extent. Chaussier,® again, distinguishes 
the portions of the intracranial columns crossed by the transverse 
commissural fibres of the cerebellum as a primary division of the 
brain, under the name ^ mesocephale ; ’ and this term has been 
extended by Todd ^ to include the ^ corpora quadrigemina ’ with 
the ^ processus cerebelli ad testes,’ and part of the floor of the 
fourth ventricle. 

But the developement of the human brain and its several stages, 
represented by the conditions at which it is arrested in lower 
vertebrates, show that the transverse commissural fibres which 
cross or decussate with the intracranial myelonal columns, whetlier 
under the name of ^ pons,’ or ^ trapezoid bodies,’ or ^ arcifonn 
fibres,’ are subordinate adjuncts to other parts, chiefly the cere- 
bellum ; while the distinct and superimposed masses called ^ cor- 
pora quadrigemina ’ include the true correlatives of the cerebrum 
and cerebellum, as primary vesicles of the brain. 

By ‘ macromyelon,’ therefore, I signify the intracranial prolon- 
gations of the myclonal columns as far forward as their emergence 
from the ^ pons,’ or cerebellar commissure : in this tract they are 

* XXI-. p. 5. * XXII-'. * xxiii". ^ xxviir*. 

* i/'. • XXVI ^ xxvji-. p. 684. 
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reinforced by masses of grey neurine, and the transverse commis- 
sural fibres are so intermixed with the longitudinal ones as to 
compel their being combined in description as in delineation, 
figs. 48, 56. But, before quitting the Mammalian class, the 
reduction of the ^ pons,’ concomitantly with that of the side-lobes 
of the cerebellum, as in figs. 51 and 53, is such as significantly 
to testify against its title to be regarded as a primary division of 
the brain ; and in birds ^ ^ tuber annulare ’ or ^ poris varolii,’ 
ceases to appear upon the under surface of the myelencephalous 
tract above defined. From this tract the cerebral nerves, from 
the fifth to the hypoglossal or ninth inclusive, arise. 

In advancing to the formation of the macromyelon growing 

central tracts of the myelonal 
columns come to the peri- 
phery, and push aside the medial 
tracts on both the ventral and 
dorsal surfaces. On the former, 
fig. 48, they decussate, as they 
appear, at d, and, with a con- 
tiguous portion of the anterior 
myelonal columns, 5, expand 
to form the ^ prepyramidal 
bodies,’ /?. The rest of the 
anterior columns, 5, with the 
contiguous antero-lateral co- 
lumn, in their course along the 
macromyelon, are associated 
with a mass of grey matter oc- 
casioning a swelling out of the 

Macromyelon, anterior or ventral aspect. surface, called the ^ olivary 

Man, nat. size. bodics,’ ib. 0, A thin layer of 

superficial fibres which, in lower Mammals with non-prominent 
^ olives ’ pass outward, as a ^ trapezoid layer,’ in Man curve round 
the exterior of the olivary prominences, and constitute the ^ arci- 
form fibres,’ ib. A, 

The transverse fibres defining anteriorly the ^ prepyramids ’ 
and ^ olives ’ increase in mass, from the lowest Mammals ( Orni- 
thorliynchus, fig. 51, c, Didelphys^ fig. 53, 5), to Man, fig. 48, a. 

As they arch over the fore part of* those macromyelonal tracts 
they have"' been called ‘ pons;’ but their true position is that of an 
inverted or suspended bridge : their developement is in the ratio 
of that of the side-lobes of the cerebellum. 

On the posterior or dorsal surface of the myelon the deep- 
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Macromyelon, pogterJor or dorsal a8i>ect, witli section <»f 
cerebellum. Infant, aiat. size. 


. seated tracts become superficial at a greater distance from the 
skull than on the ventral surface, and do not decussate ; . they ex- 
pand as they enter the macromyeloli, and form the ^ post-pyra- 
midal bodies,’ fig. 49, Y. 

The posterior myelohal 
columns which they 
push aside, diverge as 
they are continued into 
the macromyelon, and 
combine with the con- 
tiguous lateral columns 
to form the' post-resti- 
form tracts,, X. In ad- 
vance of the post- 
pyramids, still deeper 
columns of the myelon 
come into view, as the 
‘ tcretial tracts,’ ib. A, r, bounding the sides of the fissure, called 
‘ calamus scriptorius,’ at the floor of the expanded macro - 
myelonal canal called ^fourth ventricle.’ This is ovcr-arched 
by the cerebellum, here bisected, and one half reflected at R ; the 
peduncle or ^ crus ’ of the opposite half being shown at u. The 
thin layer roofing the ventricle anterior to the cn.s is called 
‘ valve of Vieussens,’ b. 

Sections of the macromyelon, as at fig. 50, show the form of 
the grey matter, called ^ corpus dentatum,’ of the 
olives, o o, and the relative position of the en- 
larging columns. Those on each side the fissure 
A, are the prepyramids ; those on each side the 
fissure P, are the post-pyramids ; the lateral 
or restiform tracts intervene between them and 
the olivary tracts, o. 

In the Monotremes the macromyelon is large 
in proportion to the rest of the brain, but the 
* pons ’ bears relation to the cerebellum in its 
smallness. The prepyramids, figs. 51 and 52, 
a, are long, narrow, flat, and contract as they 
approach the pons, especially in the Ornitho- 
rhynchus; the olives, fig. 51, «, fig. 52, 5, are 
also long and flat, but expand as they approach the -pons, and 
are crossed, before reaching it, by the ‘ trapezoid ’ homologues 
of the ^ arciform ’ fiBres in Man. The distinction between the 
olivary and pre-restiform tracts is less marked. The grey matter 



Transverse sections of 
tlie mar roil) yeloii, at the 
parts marked x and y 
fig. 49. Man, nat. size 
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is small in the olivary tracts, and does riot form a ^ corpus denta- 
tiim.’ The pons is flat, it forms a narrow transverse band in the 



side view and Ijase of Itralii, Onilthorliynchiia. Base of bralu, Eclildna. 
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Ornithorhynchus, fig. 51, c; these fibres cover a greater antero- 
})Osterior extent of the inacromyelon in the Echidna, and give 
the pons a triangular form. 

In the Opossum the pons, fig. 53, 5, is reduced almost to the 
proportions of that in the Ornilhorhynchus ; 
tlie prepyramidal, cU and olivary tracts are 
similar, and the latter are crossed by as well- 
marked a trapezoid arrangement of trans- 
verse fibres, c. 

The prepyramidal tracts come to the sur- 
face at a greater distance from the pons, in 
most Mammals, than in Man, and thus 
resemble more the postpyramidal tracts ; 
this character is shown in the Horse, fig. 
54, Dolphin, fig. 60, 5, and Baboon, fig. 62. 
In the anthropoid Apes, the proportions of 
the prepyramids (fig. 112, Orang) approach 
those in Man, and the arciform disposition 
of the superficial layer of crossing fibres begins to prevail, and 
to allow «the olives, which are likewise here more prominent, 
to come into view. Although the olives are less prominent 
in Delphinvs than in the Apes, they jfl^e equally uncovered 
by the trapezoid fibres: and show internally the arrangement 
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of grey matter called ^ corpus dentatura.’ The pons, fig. 60, 5, r, 
by its prominence and antero-posterior e’xtent, corresponds Avith 
the great lateral developement of the cerebellum, e. 

When the prepyramids, fig. 55, /?, are divaricated in the 

human macromyelon, the 
median fissure, which is 



anterior or ventral aspect. 

Hase of tile Brain, Horse Man, xvxnr-. 

that, c, below the decussation, shows the same cribriform cha- 
racter of its ^ floor,’ formed by the penetrating vessels frgni 
the fold of pia mater which lined it. A further extent of 
divarication shoAvs transverse fibres uniting the halves of this part 
of the macromyelon, and decussating with longitudinal fibres, as 
in fig. 56. The section of the prepyramid on each side of a, fig. 
57, shoAvs its triangular figure and the restriction of grey matter 
to the ^ nuclei,’ r, s ; they are mainly composed of Avhite longi- 
tudinal fibres which cuter the pons aboA^e its loAver or peripheral 
transvei'se fibres, and interlace with*the fibres of a higher plane ; 
at the entry each pyramid is constricted, as at fig. 56, /?, but soon 
expands. The proportion of the decussating and non-decussating 
tracts of the prcpyramidal columns is shown in fig. 56, Avherc p 
is part of the right prepyramid cut across near the pons and 
reflected to show the decussating fasciculus, d, and the non-decus- 
sating fasciculus, n, continued through the pons, r; the decus- 
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sating fasciculus of the left prepyramid is shown at d!. The 
fibres of the outer white neurine of the olives are longitudinal, 
and are continued forward above the pons, as shown at /, fig. 66. 

The nucleus of grey matter sinks 
deep into the macromyelon, as shown 
in the sections, figs. 50, o and 57, g ; its 
section in any direction presents the 
undulated course of the white capsule 
suggesting the anthropotomical term 
^corpus dentatuin.’ 

The lateral or restiform columns, 
diverging, as in fig. 49, x, are mainly 
continued into the cerebellum, of 
which they form the hinder or ^ in- 
ferior peduncle,’ fig. 66, r. Recruit- 
ing grey neurine is developed in 
their interior. The post-pyramidal 
columns, contracting as they diverge 
and ascend, are closely applied to the 
restiform tract-s, but are continued, as 
the ^ fasciculi graciles,’ into the crura 
cerebri. 

Stilling * has enriched anatomy 
with the following magnified view 
of a transverse section of the macromyelon, one half of which 
shows the structures as seen by transmitted light, fig. 57. The 
anterior or ventral fissure, a, is here seen to be much deeper than 
the opposite one, 5, represented by the ^calamus scriptorius.’ 
The septum or raphe, c, of the lateral moieties is a compact white 
neurine ; d, v, are the prepyramidal columns, of which r is the 
large nucleus, s s the smaller nuclei; the roots of the hypo- 
glossal nerve, I, run along the interspace between the pyramids 
and olives. Of the latter the nucleus is shown at g, with its 
plicated capsule of white neurine ; a small mass of grey substance 
is situated near the olivary one at u ; x indicates grey matter and 
i gelatinous matter, near the«roots of the vagal nerves, k k. The 
nucleus of the vagus is h, with the root of which nerve is also 
connected the white longitudinal fibres, m. Whether g be ex- 
clusively related to the hypoglossal, or is the place of origin (part 
of the larger root) of the trigeminal, is undetermined ; n is the 
‘ soft column,’ o the wedge-like column ; f is the nucleus of the 
restiform body. The transverse or arciform fibres covering this 
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lateral column are marked those continued over the olives, 
and those over the prepyramids, v ; they fonn the trapezium in 
lower Mammals. 

The nucleus in the trapezium, on each side of the raphe, so 
closely resembles, at a higher section, the olivary body, that it has 


57 



TranfvrifP section of lltc niacromj'clon tlirorprh tlie lower third of the olivary hodlea. 
Miisrmflcd ten diameters. 


been termed the ^tipper olive’; it makes its appearance near 
where the lower olives first diminish in size. In the Sheep it 
appears as a group of large stellate multipolar cells, and these 
cells are more numerous in the Rodents, and still more so in the 
Cat. In the Rabbit the upper olivary body is convoluted in three 
or four turns ; in the Mouse it consists of a wavy mass of large 
and numerous cells ; its structure is especially distinct in the Cat. 

The ^post-pyramidal’ and ‘restiform’ nuclei are present in 
all Mammals. The olivary bodies consist of layers of small cells 
l)enetrated by the arciform filaments, by which they are connected 
with each other and with the raphe ; they are not absent in the 
•Sheep. The transverse section of the human medulla oblongata 
in the region of the first cervical nerve is more circular, less 
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elliptical, than in the Sheep and most lower Mammals. The 
restiform and postpyramidal nuclei are relatively larger, but the 
Quadrumana and Carnivora approach the human structure in this 
particular; the Cat, e.g., shows an intermediate condition be- 
tween those in Ruminantia and Bimana} 

In comparing the macromyelon of the Mammal (fig. 50) and 
Fisli (vol. i. fig. 172) the usual course of structural differentiation 
seems to he reversed ; a greater number of longitudinal tracts are 
definable in that of the Sturgeon or Shark than in that of Man. 
But the superior character is more seeming than real ; the super- 
addition of ascending fibres in the higher Vertebrate tends to 
obliterate the boundary lines and seems to blend tracts — the 
‘funicular’ and post-pyramidal, e.g. in the Mammal, which are 
distinguishable in the Fish. 

§ 206. Cerebellum. — The posterior and restiform columns, 
pushed aside by the postpyramidal and teretial tracts in ap- 
proaching the macromyelon, diverge and expand into a fibrous 
stem, which, arching over the fourth ventricle, developes the 
central transversely folded lobe, answering to the cerebellum of the 
Shark (vol. i. fig. 187, c) and Bird, and expands into lateral lobes 

58 



VcTtlcal scotlori of the incdiati lobe of Cerebellum and Macromyelon. 

characteristic of the Mammalian class. The myelonal tracts, which 
in describing the brain from behind forward may be said to enter 
into the formation of the cerebellum, fig. 66, r, leave it, after 
some expenditure and exchange of substance, as ‘ departing ’ 

* The progrcfcis of chemistry has lent new and valuable aids to the unravelling of 
the minute, but physiologically most interesting, structures of the myelon and macro- 
myelon. A solution of chromic acid is one of the best for preliminary immersion of 
slices of thoir tissues for a few weeks ; these, if afterwards put into alcohol, are 
hardened, but become less brittle than- if kept longer in the acid. 
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restiform tracts, ib. ty continued into the basis of the mesence- 
phalon, forming also those called ^ processus cerebelli ad testes,’ 
united above by the thin layer of medullary matter called ‘ valve 
of Vieussens,’ fig. 49, b. The progressive increase of the lateral 
lobes is attended by corresponding developement of the system of 
transverse or arciform fibres constituting the ‘ pons varolii,’ which, 
entering the cerebellum at the ‘ infero-lateral ^ or ‘ semilunar 
fissure,’ fig, 64, h, e, interblend with the longitudinal ‘ entering ’ 
and ‘departing’ columns, and constitute the commissural part of 
these lobes. 

In Anthropotomy the part where the formative and commissural 
tracts join on entering the ccrebeJhim are collectively called its 
‘ crus,’ the tracts being its constituent ‘ peduncles ; ’ thus the enter- 
ing or posterior and restiform tracts, which are the ‘ homotypes ’ 
of the ‘ crura cerebri,’ are tei*med the ‘ inferior or posterior 
peduncles,’ or ‘ processus ad medullam oblongatam,’ fig. 66, ?•; the 
emerging restiform tracts, called ‘ processus ad cerebrum,’ and 
‘ processus ad testes,’ are the ‘ superior or anterior peduncles,’ ib. 
t; whilst the entering fasciculi of the ‘pontal or vax’olian com- 
missure’ are the ‘middle peduncles’ or ‘processus ad pontem,’ 
fig. 64, /, 

These latter are porportionally least in the lowest, and largest 
in the highest, species of Mammals. In all, the /brmative columns 
on entering the white axis receive grey or ‘ recruiting ’ matter for 
the developement of accessory fibres, relating in size and com- 
plexity to the increase of the cerebellum, and chiefly of its lateral 
lobes. In the Monotremes, figs. 51 and 52, the. ‘pontal’ or 
cerebellar commissure is a thin layer of transverse fibres of small 
antero-posterior extent ; the true character of the real ‘ crura 
cerebelli,’ or formative fasciculi, is here well exemplified. The 
cerebellum, fig. 38, d {Echidna), consists mainly of the median 
lobe, which being transversely folded presents in vertical sec- 
tion that arrangement of grey and white matter called ‘ arbor 
vitae.’ 

In the Marsupial Order, the cerebellum presents close-set, sub- 
parallel, transverse convolutions ; few in the climbing Koalas and 
Opossums, fig. 46, c, more numerous in the locomotive Kanga- 
roos ; it is remarkable, as in Monotremes, for the large propor- 
tional size of the median or vermiform lobe as compared with the 
lateral lobes, especially in the carnivorous and insectivorous 
Marsupials, where this condition is associated with a corresponding 
diminution of their commissural band as shown in the view of the 
base of the brain of an Opossum, fig. 53, b. In the Kangaroos, 
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Perameles, Phalangers, and Koala, the hemispheres or lateral 
lobes of the cerebellum are characterised by a small subspherical 
lateral process or appendage, c, c, fig. 74, which is lodged in a 
peculiar fossa of the petrosal above the internal meatus: there 
are corresponding but less produced processes in the Dasyures and 
Opossums, they do not project in the Wombat. On the upper 
surface of the cerebellum the medullary substance or nucleus 
appears superficially at a small tract on each side the vermiform 
process marked with an asterisk in figures 74 and 75.* The 
simple disposition of the arbor vitas is shown in fig. 46, e. 

In the Lissenccphalay the cerebellum in the Insectivora, fig. 76, 
and Cheiroptera^ resembles that of the Opossums ; in the Rodentia 
the lateral lobes, fig. 59, d, show a greater increase, which is most 
marked in the swift running Hares, fig. 81 , Z, Z. As this develope- 
ment is not accompanied with a concomitant growth of the cere- 
brum, the cerebellum is proportionally greater to the rest of the 
brain in Rodents than in other mammalian orders. 

The Cetacean brain is remarkable for the large propor- 
tional size of the cerebellum, fig. 60, and especially of its lateral 
lobes, c. On the under surface may be distinguished the main 
part of the lateral lobe, <?, the oblique lobule, that which answers 

to the ‘ amygdaloid lobe ’ and the 
^ floccus ’ of Reil, h. Each is sub- 
divided by the chiefly transverse 
aiifractuosities into numerous la- 
mellae. The middle lobe, fig. 93, a, 
is not symmetrical but inclined, 
like the skull, to one side, in DeU 
phinus. The grey nucleus or ^ cor- 
pus fimbriatum ’ is well developed. 
The ^ pons,’ fig. 60, c, is now large 
and prominent. 

In the Ungulata, the relative size 
of the lateral lobes increases with 
the bulk of the species, and attains 
its maximum in the Elephant; in 
the Rhhioceros, Giraffe, fig. 86, Ox, 
and Horse, fig. 61, the middle lobe 
is contorted, especially above. The 
common castration of the latter 
quadruped has afforded abundant evidence that the cerebellum is 
in no degree affected thereby in size or form.^ 

* Lxx*. pi. V, figs. 3 and 4. = xli». 
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In Carnivora the smallest species (fig. 89, Stoat) have the 
smallest lateral lobes in proportion to the middle one. 

CO In the Quadru- 



mana the middle 
lobe is proportion- 
ally largest in 
the Lemuridcs and 
smaller Platy- 
rhines. The ap- 
pendicular lobule 
is present in the 
Aye-aye* and 
other Lemur id(By 
and is lodged in a 
special pit of the 
petrosal. In the 
larger Catarhincs 
the lateral lobes 


Base of the l)raln, Delphlnus Delphls. 

increase in size, 


and lose, or incorporate, the appendix ; they show the lobular 
groups of lame] las, especially on the under surface, fig. 62, as 



Brain of the Horse. 


Cll*. p. 56, fig. 3, 3. 


Base of brain Baboon. 
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the timid and sharp-eared nocturnal Aye-aye, being associated 
with large external ears and a well developed auditory organ.* 

In Man the lateral lobes of the cerebellum acquire their largest 
proportions, are called ^ hemispheres,^ hg, 63, c, and reduce the 
middle lobe, which is the most constant part in the vertebrate 



series, to the semblance of a subordinate adjunct, called ‘ vermiform 
process,’ ib. p, in Anthropotomy. 

The characteristic form of the human cerebellum is manifested, 
according to the developmental law (‘ Preface,’ vol. i, p. xxi.) 
before its surface becomes convoluted, and when the large 
hemispheres are represented by smooth vesicles of neurine, fig. 
47, c, c. It resembles the cerebellum of the bony fish and frog 
in the smoothness of the surface, but has assumed in the foetus at 
four months the recognisable specific form. The cerebellum is, 
in fact, more unique and definitely human at the embiyonic 
period than when fully developed ; it then weighs, or averages, 
5 oz. 4 dr. in the male, and 4 oz. 12 dr. in the female.^ 

When the under surface is exposed by removing or reflecting 
the macroniyelon, as in fig. 63, the middle lobe, P, is seen at the 
bottom of a valley {vallecula, Haller, v) dividing the hemispheres, 

* and xlix". p. 4 (1S62). 
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the convexities of which rest in the occipital fossie. This surface 
of the middle lobe inferior vermiform process,’ Anthropotomy) 
is transversely folded or ^ ringed.’ The broader and more promi- 
nent folds form the ^ pyramid,’ ib. p ; the succeeding narrower 
folds, the ‘ uvule,’ ib. n. The extremity of the vermiform process 
which projects into and closes the fourth veutrlcle, inferiorly, is 
the ^ nodule.’ On the inferior surface of the Oiemispheres ’ An- 
thropotomists define, with lieil,^ ^biventral,’ fig. 63, ^ slender,’ ib. 

c, and ‘ post-inferior ’ lobes, d. The smaller group of folds is the 
‘ amygdala,’ ib. a ; the still smaller group, /, is the ‘ ftocculus.’ 

The anterior surface of the cerebellum, seen in connection with 


64 

7 



Autero-uifeiior view of epeuceplialon, Man. xxv. 


the macromyelon, as in fig. 64', shows the ^ semilunar fissure,’ A, 
])enetrated by the formative and commissural columns, i : the rela- 
tive position of the ‘ flocculus,’ 7/, is here best shown ; the maero- 
inyelon passes into my el on at m. On the upper surface of the 
cerebellum, fig. 65, its most prominent part is that of the middle 
lobe, called • superior vermiform process,’ v: the hemispheres are 
almost flat : they are here subdivided into the ^ square lobe,’ ib. a, 
and the ‘ post-su])erior lobe,’ P. The lateral lobes exceed the 
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middle lobe in antero-posterior extent, leaving an anterior or 
^ semilunar ’ fissure, and a narrower ^ posterior notch,’ ib. w, the 
groups of lamellaB bounding which are called, by some, ^ post- 
inferior lobes.’ The hemispheres are commonly but not constantly 
symmetrical ; both these and the middle lobe consist of numerous 
lamellae, of white covered by grey neurine; the interlamellar 
fissures are penetrated by folds of pia mater. The lamellae are 

65 



Upper burlace of tlie cerebellum, and meseuccpbaluii, Man. 


collected into groups, forming the ‘ lobes ’ of the hemispheres, 
which are divided by deeper fissures. The lamellse of the middle 
or ^ vermiform ’ part are fewer, and more transverse or vertical 
than those of the hemispheres ; they are also thicker, single ones 
ansM eriiig to, and connecting, two or more of the hemispheral 
lamellae, fig. 65, v. 

^ A vertical section of either hemisphere, or of the median lobe, 
displays a ramification of fibrous matter, the smaller or ultimate 
branches of which are enveloped by laminaj of grey matter. This 
appearance suggested to the older Anthropotomists the name of 
‘ arbor vitae,’ which it retains. The trunk of the tree is repre- 
sented by a central nucleus of white matter, fig. 66, d, from the 
upper and lower surfaces of which branch off, some at a right. 
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others at an acute angle, several laminae, each of which forms 
the stem of a number of other branches. Each of the primary 
branches is the foundation or central stem of a lobule. Lamina) 
of fibrous matter are seen branching from both sides of it imme- 
diately after its separation from the nucleus. Sometimes the 
primary branch bifurcates, and each division of it forms the stem 
of what may be called a sub-lobule. If we suppose that one of 
the primary branches is composed of a certain number of laminse 


60 



Digsectlon of the formative columns of the ep-, mes- and pros-encephalon. 


of fibrous matter, the secondary ramifications from it will in a 
great degree correspond. In most instances these secondary 
branches subdivide into two or more tertiary ones, which, as well 
as the branch from which they spring, are enclosed in grey matter. 
A vertical section of the median lobe, fig. 58, gives a similar 
appearance to that of the hemispheres, fig. 66, c. The central 



kmmx m 


xi\xc\eus \)Teak^ up into primary brandies, wbicli become the 
centres of tbe lobules of wbicb it consists. The ramifications of 
the nucleus, whether of the median lobe or of the hemispheres, 
pass from it only in the vertical plane or from before backwards ; 
in the latter direction, however, to a very slight extent. The 
fibrous matter of the median lobe is continuous with that of the 
hemispheric lobules. By reason of this disposition of the fibrous 
matter, the surface exposed by a horizontal section through the 
entire cerebellum consists of a plane of white matter bounded on 
the sides and behind by a narrow cortex of grey matter. 

^ The white matter consists exclusively of fibres, chiefly of the 
tubular kind, and of all degrees of size. These, in the more 
distant ramifications, penetrate the vesicular matter of their grey 
cortex, and form some unknown connection with its elements. 
The grey matter consists of three layers, readily distinguishable 
by the naked eye from their diflerence of colour. The external 
layer is the darkest, and consists chiefly of granular and vesicular 
matter. The next or intermediate layer is of a light colour, and 
is composed of a stratum of fine nucleus-like particles. The 
third layer has the greatest thickness, and is immediately in con- 
tact with the fibrous matter ; it is intermediate in point of colour 
to the other two, and consists of numerous vesicles of the caudate 
kind, especially with branching processes and nerve-tubes of all 
sizes. The dark colour of the external layer is doubtless owing 
in a great measure to the great numbers of capillary vessels 
which enter it ; the greater paleness of the inner stratum is to be 
attributed to the intermixture of the white fibres, whilst the light 
colour of the middle stratum is intrinsic.’ ‘ 

The lower or hinder crus, fig. 66, r, on entering the cerebellum 
curves backward, expanding on the outer side of tlie converging 
and onwardly continued fibres which constitute the upper or 
‘ antenor crus,’ t. In the part of the ‘ nucleus ’ connected with the 
latter is developed a plicated capsule of grey or vesicular matter, 
f/, also exposed in section at K, fig. 49, and called ‘ corpus denta- 
tum ;’ it supplies accessory white fibres to those diverging from, 
or converging to, the crura ; with these are interlaced the com- 
missural fibres of the pons. 

Thus an influence ascending from the myelon, by the resti- 
form tracts, fig. 66, «, r, to the cerebellum, may be propa- 
gated from^that body, by the crus, t. to the mesencephalon, 
and thence to the cerebrum. Conversely, cerebral influence 
may pass through the mesencephalon by the ‘ processus and 

* xxvii". p. 692. 
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testes,’ ib. t, fig. 66, to the cerebellum, and thence by the rcsti- 
fonn tracts, ib. r, to the inyclon, s : while the transverse 
fibres of the pons, ib. v, associate all the parts of one ccrel)ellar 
hemisphere in action witli the other, and are intimately connected 
and interlaced with the longitudinal fasciculi forming the crura 
cerebri. 

If it be considered that the maintenance of the erect position 
by Man demands unusual j^ower of regulating and combining 
muscular movements, whether with or without the cognisance of 
the mind, and that he exercises or can exercise a greater variety 
of modes of locomotion than any lower animal, flight alone being 
inexecmtable, the characteristic size and comjdexity of the human 
cerebellum would accord with such view of its functions ; and 
the general results of the experiments of Flourcns* and Majeiidie^ 
concur with the inferences which, in the main, may be drawn 
from comparative anatomy (vol. i. p. 287). 

§ 207. Mesencephalon. — Part of the columnar fibres continued 
from the epcncet)halon proceed directly to the prosencephalon, 
traversing the pons, fig. 66, v. The olivary tracts, ib. /, proceed 
first to the mesencephalon, which likewise receives the crus, or 
continuation of the rcstiform tract, r, after having undergone 
cerebellar developement and connections. 

The mesencet)halic basis is traversed by a forAvard continuation 
of the primitive inyelonal cavity — the ^itcr a quarto ad tcrtiiini 
ventriculum’ — Avhich latter, fig. 105, 5, is a vertical expansion 
of the ‘ iter,’ extending upAvard into the pedicle of the (‘.onarium 
(^pineal gland,’ ib. /’), and downward into that (‘ infundibulum’) 
of the hypophysis pituitary gland|? ib. ?/). The sides of this 
ventricular fissure are partially glued together by grey matter 
continuous Avith that in the interior of the ^ thalami,’ and called 
‘ soft commissure ’ in front of 5, fig. 105. 

In the Monotremes the mesencephalic crus processus a 
cerebello ad testes ’), receiving a tract, ansA\ ering to the ^ fillet ’ 
of anthropotomy, expands into the optic lobe nates,’ ib.), 
forming chiefly its exterior white layer : the primitive cavity 
of this vesicle becomes filled with grey matter. The layer 

valvula ’) uniting the two crura becomes thickened by trans- 
Aerse AAdiite fibres behind the optic lobes, and these, in higher 
mammals, SAvell into a second pair of tubercles (Hestes,’ ib.), 
AAdiich usually exceed the ^ nates ’ in breadth, but are less in 
length ; they noAV form the ‘ corpora bigemina, or quadrigemina ’ 
of anthropotomy. The aboA^e difference in the proportion of the . 

* Lv". and LX IV. * lyi ”. 
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two pairs is exemplified in fig. 73, />, Didelphjs, and fig. 75, B, 
Pliasrolorni/s, in the Marsupial order ; by fig. 79, LepuHy and fig. 80, 
8, 0, Camay in the Rodentia ; and by fig. 67, Talpa, in the Insecti- 
iwra, ]}oth Ly- and Liss-encephahi manifest their inferior posi- 
tion in tlie present class, and affinity to oviparous Vertebrates, by 
the larg(ir proportion of the mesencephalon (fig. 46, o) to the pros- 
encephalon, than in Gy r encephala. In most Marsupials (^Dasy- 
nrna, fig. 72 ; JDidelphys, fig. 73^, in many Rodents 
(fig. 81, Lepns; fig. 80, Castor), in all Insectivorcs 
(fig. 76, RhyiichoeyoiC), and in Bats, the bigeminal 
bodies ai-o more or Jess exposed between the cere- 
brum and cerebellum. As in Amhlyopsis (vml. i. 
p. 278, fig. 175), so in Talpa, the optic lobes, fig. 67, 
Cy do not show a reduction of bulk commensurate 
with that of the visual organ ; yet there is a de- 
gree of such relationship in Mammals. Thus the 
Ungulates whi(‘b have large eyes have the 0 ])tic lobes or nates, 
fig. 68, a, proportionally larger than they are in a Carnivorous 
quadru])ed with a similar-sized brain. In both the Mestes,’ ib. h, 
arc broader, but in Felts they also rise liigher; whilst in Un- 
gulates, and es])ccially Ruminants, the ^nates’ show the greater 
vertical develojiemcnt.* In all Carnivores the ‘testes’ have a 

minor antero-posterior 
extent than the ‘ nates.’ 
The white bands or 
tracts (‘ brachia ’ in an- 
thropotomy), extending 
along the outer sides 
of the bigeminal bodies 
to the thalami and com- 
mencement of the optic 
tracts, fig. 68, d, are 
prominent in the higher 
Qtiadrumana and in 
Man. In most Gyren- 
ccphala the white fibres 
oontinued from the optic lobes dcvelope aw obloBg Bodvile, ib. e, 
also containing grey matter (^corpus geniculatiim ’ of anthro- 
potoiny^, whicli in tAic Innnan brain is diviBetV inn> an external 

and internal portion. 

\\\e e,Y\\Ya eeYel^vv’ ^oYmed by tbe and post-pyYan\\da\ 

' This difference I exemplified in the preparations, nos. 1520 a and 1826 b, xx. 
vol. iii. p. 30. 
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and ^ terctial ’ tracts, expand in passing beneath the bigeminal 
l)odies, and receive accessions from grey matter continnoiis with 
that of the macromyclon, but so dark as to liave received the 
name ^ locus niger ’ when exposed in section. Tliey are divided 
by the third ventricle, and swell out respectively at their u])per 
y)art, through the siipcradditimi of formati'^e neiirine, into tlic 
bodies called ^ thalami optici,’ fig. 68, e, figs. 71 and 75, t The 
free surface is white, but the grey matter constitutes their chief 
bulk, and is partially divided by the longitudinal fibres into an 
outer and an inner portion : from the latter the soft commissure 
is (*on tinned. The optic tracts, fig. 68, r/, commencing at the oj)tic 
loI)es and geniculate bodies, bend round the outer and back ])art 
of the ^ thalami,’ from which they derive accessory filaments to form 
the optic nerve. In connection with the mcsencc])halon must be 
noted the tract of white fibres continued from the fornix, on each 
side the third ventricle anterior to the soft commissure, to a 
nodule, conspicuous in (iyrencejyhala behind the infundibulum, 
and forming a pair (^cor[)ora albicantia’ in anthro])Otomy) in Apes, 
fig. 112, and Man. 

§ 208. J^rosmeephidon, — As the ^ crura cerebri ’ enter the pros- 
encephalon, they arc augmented by further ac^cessions of formative 
neurinc in masses which in the human bi-ain have received the 
names ‘ nuchnis ta3niicformis,’ ‘ nucleus Icnticularis,’ find ^ nucleus 
caudatus.’ The latter jwojects into the ])roscncephaIi(j ventricle, 
as the ^ (U)r])us striatum,’ figs. 70, 75, r. But this n:i0e ext(*nds 

or ap])lies also to the deeper-seated grey masses, Avhich arc so in- 
tcrhlended with the diverging Avhitc fibres as, in section, to give 
alternate white and grey stria?. The accession of white fibres 
from these formative nidi, diverging to form the basis of the 
cerebral hemispheres, causes the form expressed by the term 
^ fibrous cone,’ fig. 66, c. The grey matter again ap})ears as a 
thin superficial covering or ^cortex’ of the expansion of the 
white fibres ; and this grey matter contains cells similar to those 
in the corpus striatum. 

Ill most Ly- and Liss-rncephalay and in a few of the smallest 
kinds of Gyroneaplwla , the jiroscncejihalic vesicles retain the out- 
^vard uniformity of surface ^hich they have in \)irds and reptiles ; 
unlike those of the iiies- and ep-cncephalon, they arc so little 
united togetlier that they are calloAl and seem to form distinct 

^hemispheres.’ These are connected together in all iVtammals as 

in Itirds by the cord-like fasciculus of transverse fibres, figs. 

fi9 and 73, c, called ‘ anterior commissure/ But the main dis- ' 

tinctlon lies in the snperaddition to the ^ diverging ’ or ^ crural ’ 
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fibres of other ^ commissural ’ tracts either ‘ lougitudinal/ con- 
necting parts of the same hemisphere, or ^ transverse,’ and bringing 
a greater proportion of the two hemispheres into mutual com- 
munication. But there are steps in this differentiation. 

Each hemisphere of the cerebrum begins as a vesicle of neurine, 
the cavity of which receives the growth from the ^ crura ’ forming 
the ^corpus striatum.’ This, in Birds, mainly fills the ^ven- 
tricle ’ or remnant of the primitive cavity of the sac. But, in 
Mammals, the wall of the vesicle is augmented by folds, of which 
the first and most constant is pushed from the mesial or inner 
side of the ventricle into its cavity, giving rise to the convexity, 
figs. 70, 71, A, fig. 75, w, re])rcsenting the part called Miippo- 
cainpus ’ in anthropotomy. The fissure upon which the hippo- 
campus is folded ’ ^ is numbered 4 in the ^ Table of Cerebral 
Fissures,’ p. 136, as in fig. 69, et seq. 

In Lyencej)hala it extends from the fore part of the inner sur- 
face of the hemisphere backward and downward in a curve with 
the concavity toward the centre or ^ nucleus cerebri,’ fig. 69, h. 
It is not, however, a mere doubling of the wall of the hemisphcral 

vesicle ; longitudinal fibres are de- 
velopcd therein for commissural office ; 



they cause a definite produc^tion of the 
lower part of the fold within the ven- 
tricular cavity called hippocampal band 
{tcenia hippocampi) ^ or, because in Man 
it is plaited, ^ corpus fimhriatwm : ’ its 


Inner surface of iiemiapiiero. Vortical inferior hiudcr termination is in the 

section of lirain, Orultliorlijnchus. 

‘ pes hippocampi ; ’ its upper or anterior 
one becomes the ^posterior pillar’ of the fornix. ‘ Fornix’ is the 
anthropotomical term for the anteriorly continued and transversely 
connected longitudinal fibres of the hijipocamp : the ^ posterior 
pillars,’ fig. 69, a, one from each hemisphere, converge as 
they advance, are united by a commissure of their own, ib. Oy 
beyond which some fibres pass forward and radiate upon the 
inner surface of the fore part of the hemisphere; while others 
bend down, as the ^ anterior pillars ’ of the fornix, pass between 
the anterior commissure, ib. c, and the nucleus cerebri, i, and 


terminate in the mammillary body already mentioned. 

Delicate fibres, running on the inner surface of the hemisphere 
at right angles to the line of the hippocampal fissure, are con- 
tinued into the ventricle, where they cover the longitudinal fibres 


' So defined in i.xx'. p. 90 (1837i 
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developed in the hippocampal fold, and which form the main part 
of the liippocamp and its anterior extension,^ 

This fold and its concomitantly developed longitudinal and 
transverse or arched fibres, constitute a great and abrupt dis- 
tinction and rise in structure in the Mammalian brain as com- 
pared with the Avian one, and indicate that birds arc an offshoot 
from the lower Ovipara, forming a branch apart. ^ 

In Ornithorhynchiis the postero-inferior parts of the hemispheres 
are brought into connection Avitli the antero-internal parts by 
the longitudinal fibres, while the antero-internal ])arts of the 
hcmis})hcres are connected with each other through the transverse 
fibres at the aj^proximated anterior ends of the folds, where tlie 
stratum connecting those ends together, and radiating the fibres 
upon the inner surface of the anterior lobes of the hemispheres, 
and over the inner wall of the ventricle, is thickest.^ 

The greater part of the hcmispheral cavity or ventricle is 
overarched in Lyenccpliala by the inner leaf of the hippocam- 
pal fold, and its developements called ^taenia hip 2 )ocampi’ and 
‘ fornix.’ The transverse fibres connecting the tienia Iiippo- 
camiu and terminating that body anteriorly in Lyenccpliala^ are 
carried, in tlie ascending Mammjilian scries, by the growth of 
the liemisplieres anterior to them, as it were by a movement 
of rotation, from before upward and backward, until, in Man, 
tliey become the ^ psaltcrial fibres ’ which connect the posterior 
^ genu ’ of tlie corj)us callosum with the ^ tenia hippocampi,’ these 
being compared to the ^ frame’ and the transverse fibres to the 
^ strings ’ of the harp, by the old anthropotomists. The super- 
addition of cerebral matter above and anterior to c, figs, 69, 76, 
is associated with transverse commissural fiisciculi, progressively 
added, from behind forward, and now overarching the lateral ven- 
tricles, and fulfilling all the functions, relations, and definitions of 
the anthropotomical teorpus callosum,’ figs. 78, /, and 123, c. 
Its hind j)art is embraced by the ^ callosal convolution,’ ib. o.^ 

’ These fibres arc shown at x, fig. 4, pi. vii. which gives a view of the hippo- 

campal fold from the ventricular or * lateral* side, as ‘ part of a thin stratum of medul- 
lary fibres arching over the hippocampus major, and continued therefrom into the 
internal wall of the ventricle,* p. 95. 

2 If wo could examine the brains of Dinosauria or Dicynodontia, the actual gap in 
the scries of cerebral structures might be better filled. 

® From this point in the lowest (Lycncephalous) mammals, as in the embryo of 
the highest, the growth of the great supraventricular body of transverse commissural 
fibres forming the ‘corpus callosum’ begins: ‘Anterior fibres of the “taenia hippo- 
campi ’’ continued into the anterior lobes of the hemispheres.* lxx*. p. 95, pi. vi. , 
figs. 4 and 6, o'; and pi. vii. fig. 4, x, 

* The part marked b in the Echidna has become the part marked n in Man. Pis. 
xxxvi. and xxxviii. of xun". 
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Such are the essential characters of the Mammalian ^ prosen- 
cephalon.’ The chief modifications of the Mammalian brain^ as 
above characterised^ will next be noticed in the 
different leading groups of the class. 

A. Ly encephala. In the Ornithorhynchus^ 
the braille figs. 52 and 69, is to the weight of the 
body as 1 to 130 ; the hemispheres arc triangu- 
lar, depressed, the broader posterior part over- 
lapping the optic lobes, and reaching to the 
cerebellum. With the exception of the hi})po- 
campal fissure, fig. 69, 4, and the depression 
lodging the rhincncephalic crus, the surface is 
unbroken or smooth, Avith a few vascular im- 
pressions diverging from the fore part. The 

Lateral veutrlclf, Echidna, "'‘in i iii 

medulla oblongata is broad and depressed ; tlic 
corpora pyramidalia, fig. 51, «, are in very Ioav relief ; the corpora 
olivaria, u', exjiand as they advance ; they are crossed anteriorly 
by the ‘ corpora trapezoidea,’ 5, which arc large ; the pons,’ c, is 
narrow : anterior to it is a large ganglionic body, r', from which 
issues the huge trigeminal nerve, 5. The longitudinal groove be- 
71 tiveen the optic lobes is shallow ; 

it is wanting in the small and 
low ‘ testes.’ The hippocampus 
is the chief prominence within 
the ventricle of the hemisphere ; 
the corpus striatum is long and 
naiTOAv. 

The brain of the Echidna^ 
fig. 71, is relatively larger than 
in the Ornithorhynchus^ and the 
exposed outer surface of the 
hemispheres is extended by c.on- 
volutions. The cerebral hemi- 
spheric cavity is mainly o(!cuf)icd 
in both Monotremes by the ‘ hip- 
ijocamp,’ fig. 70, h, Avhich con- 

Brain and lateral ventricle, biiJpocamiius romoved , p • , 

KOiidua. stitutes a great part ot its floor 

as Avell as inner wall. This, Avith much of the hippocamp, is 
removed in fig. 71, to show the proportions of the ^corpus stria- 
tum,’ 6*, aittl to bring into view the thalami, ti these arc divided 
from tlie ^ hates,’ r, by a linear groove ; the ‘ testes,’ are half 
the size of the ^ nates,’ and the median longitudinal groove, 
which is shalloAv betAveen the nates, is not continued further 
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back.^ Like the water-shrews, the Ornithorhynchus has a smooth 
cerebrum; the Echidna^ like tlie Great Ant-eaters and the 
Sloths, has a convoluted one. Besides the long and deep ‘ hip- 
pocampal fold,’ the fore part of the mesial surface shows a 
beginning of the supercallosal one ; behind which it is also 
notched vertically by the mesial ends of the upper transverse 
folds,^ fig. 71. Of these, three nearly j)arallel ones extend 
across the broad posterior part of the upper surface of each 
hemisphere, their outer ends inclined forward ; anterior to them is 
a larger convolution bent upon itself so as to form the inner 
boundary of the anterior half of the upper surface. In the angle 
of the above arc two oblique folds inclining ‘ mesiad ’ toward the 
contracted fore part of the hemisphere. The base of the brain, 
fig. 52, shows a few short foldings of the surface of the great 
natiform ])rotuberanccs, h\ The principal folds sink about a 
line’s depth into the substance of the cerebrum. The rhiucnce- 
phalon is enormous, ib. li. Some of the fibres of the great 
anterior commissure bend forward, and are continued into each 
of its crura. The outer part of the crus, ib. i r/, continued from 
that of the j)rosenccphalon, emerges from the fore margin of the 
natiform protuberance, from which it has a reinforcement of fibres ; 
the inner division, tumid with added grey neurine, ib. i />, is also 
very broad. The proseiicephalic cavity or ^ ventricle ’ is con- 
tinued into the rh inencephalon, and is exposed in fig. 52, by re- 
moval of the thin floor which rests upon the large ^ cribriform 
2 )latc.’ The ^ pineal ’ and pituitary (ib. />) ajq)endages of the 
pr()seiieci)lialon offer no monotrematous characters. 

There is not that difference of size between the Ornitho’- 
rhynchus and Echidna which would lead us to connect therewith 
the convolution of the hemispheres in the latter animal ; what 
is known of their habits suggests no superiority of psychical 
])ower and resource in the land- over the Avater-monotreniatous 
Insectivore. Increased extent of tlie walls of tlie hemis 2 )here in no 

^ My observations on this state of the * corpora quadrigemina * in Monotrcnies 
accord with those of Laurent and Eydoux on the Echidna, and of Mcckcl on the 
Ornithorhynchus. * En coraparant Ics tubcrcules quadrijuincaux de TEchidini a ceux 
dc rOrnithorhynque, nous avons facilemcnt constate ce que Ta deja ete par Meckel 
pour ce dernier, c*est-a-dire qu’on ne peut pas distingucr Ics tubercules posterieurs 
des anterieurs, et que ce que Mcckcl a remarque chez rOrnithorhynquo et exprime 
en CCS termes ; “ Einincntiaquadrigeminamagna, posterior tamen verc percipienda, ut 
fere bigemina esset,” cst encore plus prononce dans les tubcrcules *du cerveau de 
rEchidne, qui sont rcellemeiit hijumeaux simplcmcnt.’ LVii". p. 164; , 

^ Well given in LVii". pi. ix. fig. 4: omitted in the diagram of a similar section 
in xmi". pi. xxxvii. fig. 7. 
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degree influences the developement of a supraventricular trans- 
verse commissure ; the seeming small one exposed at o, fig. 7 1 , 
is hippocampal or psaltcrial. This low phase of Mammalian brain- 
growth is essentially related to the common monotrematous con- 
ditions of generation. 

The brain bears a small proportion to the body in the Marsupial 
order; in the Ursine Dasyure, fig. 72, it is as 1 to 520; in the 
Wombat, as 1 to 614; in the great Kangaroo, as 1 to 800. In 
smaller Kangaroos the disproportion is less; thus in the Tree- 
kangaroo {Dendrolagus inustus) I found it as 1 to 250. The 
brain is relatively largest in the smaller species of Petaurists and 
Phalangers. 

The cerebral hemispheres do not extend over the cerebellum 
in any of the species, and in some, as the Dasyures and Opossums, 
they leave the optic lobes cxf)osed. In the Phalangers and Petau- 
rists, the Opossums, Perameles, the insectivorous Phascogales, 
and the smaller Dasyures, the exposed surface of the cerebral 
hemispheres is uncon voluted. In the Dasyurus ursmtis, fig. 72, 
b, this surface is broken by a few slight indentations, two of which 
may indicate the beginnings of the ^ medi-latcral ’ longitudinal 
folds. 

In the Wombat an ectorhinal fissure bounds the outer side of 
the olfactory tract at the base of the 
brain;* from the anterior moiety of this 
fissure three or four smaller ones curve up- 
ward upon the sides of the hemispheres, 
one of which answers to the ‘ fissura Syl- 
vii,’* but is less defined than in the Kan- 
garoo. On the upper surface a short 
transverse fissure marks off the outer part 
of the anterior lobe of the cerebrum, and 
behind this each hemisphere exhibits a few 
detached shallow fissures. 

The American Opossums show a range 
in size from that of a mouse to that of a 
cat, and the Australian Dasyures rise from 
the same diminutive extreme {Antechhuis 
pusillus) to the size of the wolf ( Thyla- 
cinus). But the cerebral hemispheres are as smooth in DideU 
phys Virginiana^ as in D. (^Philander, Microdelphys^ murina ; 
and the great Ursine Dasyure, fig. 72, shows but a few short and 
shallow indentations of the exposed cerebral surface.'* Thylacinus 

- T.XX' pi. V. fig. 8 . * Ib. fig. 3. » Ib. fig. 6. * Ib. fig. .5. 
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has the anterior apex of the hemisphere marked off by a deeper 
transverse fissure, extending to the inner surface. In the Her- 
bivorous Marsupials the fissures 7.3 

are more definite, deeper, and 
rather more numerous in the 
larger {Macropus major ^ fig. 74) 
than in the smaller species 
{Hypsiprymnus\ All Marsupials 
have the hippocampal fissure, 
fig. 46, 4, fig. 73, 2, coextensive 
with the antero-posterior range of the prosencephalic cavity, and 
arching over all the commissural apparatus of the hemispheres. 
The concomitant extent of the convolution (hippocampus major) 
is shown in Lxx'. pi. vii. figs. 3 {Didelphys) and 4 {Macropus)^ 
in the exposure of the ventricle from the outer side. In 
Didelphys^ fig. 73, the surface of the hemisphere above the 
fissure is feebly imjn'essed by blood-vessels ; in- Thylacinus there 
is a short fissure above the back part of the hippocampal 
one ; in Fhascolomys and Macropus there is also an anterior one 
which bends or bifurcates at its fore part.* These fissures mark 

the level of the roof of the 

• / *« 
lateral ventricle ; the surface 

below forming the thin mesial 
wall of the cavity, fig. 75, <7, 
whicli in the higher Pla- 
ccntals is defined, as the ^sep- 
tum lucidum,’ by a corpus 
callosum from the part above. 

On the upper surface of the 
hcmisjdierc, in Macropus ina- 
jor, a longitudinal part of the 
fissure, fig. 74, s, marks off a 
medial convolution, /, at the 
anterior half, and occasion- 
ally it is prolonged backward 
by the fissure, 10, as in the 
left hemisphere of fig. 74. 

But there is continued from 
8, in both hemis2)heres, a 
fissure extending outward, 
which bounds behind the 

part of the hemisphere impressed by the ^ sylvian fissure,’ 5. 

* Lxx'. pi. vi. figs. 4 and 6, < 7 , q. 




Didelphys Virglnlana. 


The’ 
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sylvian convolution, e, e\ folded on 5, is divided behind by the 
fissure, 9, from the post-sylvian fold, f. The contracted anterior 
part of the hemisphere is marked off by a feeble coronal fissure, 
12 ,* and is partially divided into a superfrontal fold, 7^'‘, and a 
subfrontal fold, n\ In the broad hind part of the hemisphere 
are the ineclmlj and lateral, 7Ji, tracts. 

On separating the hemispheres of the brain of. the Wombat, 
not only the bigeminal bodies, B, fig. 75, and pineal gland, ib. 
u, but the tbalami, ib. t, t, are brought into view, and instead 
of a broad corpus callosum, we perceive, situated deeply, a small 
commissural medullary band, ib. in, passing in an arched form 
over the anterior part of the thalami, and extending beneath 
the ^ labia hippocampi,’ the supraventricular part of the hemi- 

sjdieres, q, being thus, as in 
the bird and monotreme, dis- 
connected with each other. 
On gently raising the labia* 
from above the commissure 
and pressing them outward 
with the liandle of a scaljiel, 
the instrument jiasses into the 
fissure upon which the hippo- 
campus, ib. n, is folded. The 
mesial wall of the hemisphere 
is contimied from the upper 
labium of tlie hippocamjius, 
and is composed of a thin 
lamina of medullary substance 
analogous to a detached layer 
of the septum lucid um. In the 
Kangaroo the mesial parietes 
of the lateral ventricles are 
thit.ker. In both Marsupials they receive the thin layer of fibres, 
fig. 75, 0 , passing from the commissure, rn, over the upper lip of 
the liijipocampal fold, to radiate vertically upon the anterior half 
of the inner wall of the ventricle. These fibres are figured in 
Lxx'. ])1. vi. fig. 4, o' (Wombat), and fig. G, o' (Kangaroo), and 
arc described as the ^ anterior fibres of the tienia hippocampi 

continued into the anterior lobes of the hemispheres.’^ 

• 

* These arc not to be confounded with the * labia cerebri * of antbropotomy. 

' * The author of xliu". figures, in pi. xxxvi. fig. 4, a more extensive series of trans- 
verse fibres which he describes, p. 644, as being lost beneath the ‘labia cerebri,’ as 
the margin of the ‘ callosal fold ’ is called by some authors. The surface cf the divu- 
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The crura cerebri, which, in the Opossum, fig. 53, are left 
exposed below, like the optic lobes above, by reason of the small 
])roportional size of the cerebrum, are more completely concealed 
in tlie brain of the Kangaroo and Wombat. The natifonn pro- 
tuberances form a great proportion of the under part of the 
cerebral hemisplieres in all the Marsupials ; the ectorhinal fissure 
^vliich indents their base in the Wombat and Kangaroo, runs 
along the side of the Jiemisphcre to tlie outer side of the olfactoiy 
lobe in the Opossum, indicating the large relative size of the 
basirhinal fold or tract. Behind the commissure of the optic 
nerves is seen a broad and short infundibulum supporting the 
pituitary body, y, fig. 53, and posterior to this is the single corpus 
albicans. The oj^tic lobes, fig. 73, are solid; a pair of simi- 
lar but smaller ones rise behind, and form Avith them a ^bige- 
minal’ mass: the anterior divisions or ^ nates,’ B, fig. 75, have a 
greater longitudinal diameter than the posterior ones or ^ testes,’ 
which have a greater transverse developement. The difference 
in the relative (Icvelopemcnt of the nates and testes between the 
herlnvorous and carnivorous Mai’siipials is less than in the corre- 
sponding Placental quadrupeds. 

The posterior transverse fibres of the hi])i)Ocampal commissure 
are continued, fig. 75, outward and backward beneath tlie 
more longitudinal fibres, Avhich overlap them as they pass for- 
Avard to the anterior cerebral lobes and pass into the substance 
of the hijipocarnpi, w. Thus the commissure, Avhich is brought 
into view on divaricating the cerebral hemisplieres in the Wom- 
bat, is seen to be partly the bond of union of the tAvo hippo- 
camjn nuijores in the transverse direction, like the ‘ lyra ’ of 
anthropotomy, and jiartly of the hipjiocampus and the fore and 
inner parts of the hemisphere in the longitudinal and vertical 
directions. It mainly fulfils the function of the fornix, not only 
as being the hippocampal commissure and continued backward 
and dowiiAvard as ^ posterior pillars ; ’ but by sending down from 
the inferior surfiice two small nerve-like processes, which extend 
vertically, behind the anterior commissure, to the corpus albicans. 


ricated hemispheres is left entire, and whether the fibres diverge into the substance 
of the roof of the ventricles is not shown. In lxx'. pi. vi. figs. 4 and 6, the requisite 
dissection is made and figured, and the transverse fibres are shown to be lost beneath 
the ‘ labia hippocampi ’—that is, to ho continued into the hippocampi, not into the 
supraventricular substance. Other dissectors of the brain of a Macropus Benetlii and of 
Phascoknmjs might compare the appearances with those figured in the ‘ Philosophical 
Transactions,* 1837, pi. vi. figs. 4 and 6, and in the ‘Philosophical Transactions,* • 
1865, pi. xxxvi, fig. 4. 



108 


ANATOMY OF VERTEBRATES. 


at the base of the brain. The superior view of the connections of 
the hippocampal commissure of the Wombat is given at n, o, 
fig. 75.^ 

The artery of the plexus choroides, entering with the fold of pia 
mater at the lowest part of the hippocampus, is richly spread upon 
the small production of that fold, ib. /?, beneath the margin of the 
^ tsenia ’ near the passage by which it is continued into the fold 
and plexus of the opposite ventricle. This intercommunication 
between the two prosencephalic cavities exists in all Mammals, 
and is defined in anthropotomy as the ^foramen Monroianum.’ 
Tlie pineal appendage, ib. m, is small compared with its ^ crura,’ 
which, as in all other Mammals, are continuccl backward from 
the fore and inner parts of the thalami, L 

A well-marked ectorhinal fissure extends from the natiforni 
protuberance, defining externally its ^ basirhinal tract ’ ^ and tlui 
forward continuation of the ^ crus rhineneephali.’ A longitudinal 
white streak ^ divides the outer and inner portions of that crus. 
The prosencephalic cavity is continued into the large rhiiicn- 
ccphalon, tigs, 73 and 46, r, c/. 

The characteristics of the Mai^upial brain are, its small rela- 
tive size, small proportion of cerebrum, convolutions wanting, or 
few and symmetrical in those Marsupials possessing them, large 
proportional anterior commissure, and still larger hipi)ocampi; 
some fibres arch across from one to the other hippocampus, 
answering to the ^ lyra,’ and forming the beginning of the great 
transverse commissure or ‘ corpus callosum ’ of higher Mam- 
mals ; the fibres radiating upon the fore and inner wall of the 
ventricle are the anterior terminations of the great longitudi- 
nal commissure answering to the ‘ fornix ’ in anthropotomy. 
The ^ corpus striatum,’ fig. 75, r, is relatively small and in- 
ferior in position to the hippocampus, being partially overlapped 
thereby. 

B. Lissencephala, — I demonstrated the characters differentiating 
the first step in the dcvcloperacnt of the ^ corpus callosum ’ of 
the Hedgehog, in the longitudinal section of the brain prepared 
and added to the Hunterian series of Comparative Anatomy in 
1834, by contrast with a similar section of the brain of the Opos- 
sum® and Dasyure;^’ placing a plate of mica in the fore j)art of 

* Haller showed his appreciation of the essential nature of these * fere fornicis 
ipsius cruribiis.* 

* Lxx'. pi. V. fig. 8, la. * Ib. Ic. 

* No. 1323 D, XX. vol. iii. (1835), p. 29 ; and see xliii". pi. xxxvii. fig. 7. 

* XX. no. 1323 B. * xx. no. 1323 c. 
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the hippocampal fissure in each, which accordingly passes above 
the transverse commissural system (f lyra of fornix ’) in the 
Marsupial, and beneath the abruptly superadded ^ corpus cal- 
losum ’ in the placental Insectivore. In a similar section of 
the brain of the Squirrel^ the corpus callosum is of greater 
relative extent, as it is in all Rodents as contrasted with In- 
sectivores. Concomitantly with the appearance of the new series 
of transverse fibres bringing the hemispheres into communica- 
tion above their ventricles, the anterior commissure is diminished 
in size. 

Notwithstanding this difference in the kind and arrangement of 
the transverse connecting fibres of the hemispheres, these do not 
present a corresponding rise of developement. In the snouted 
Slirews of Africa the brain, fig. 76, offers outwardly as low a 
condition as in the Opossum or Dasyure. All the four primary 
segments are in view ; the epencephalon, c, mesencephalon, o, 
prosencephalon, r, and rhinencephalou, r, suc- 
ceed each other longitudinally from behind 
forward, as in jRejjtiiia. The multiplication 
of grey and white matter above the medulla 
oblongata mainly distinguishes the brain of 
the active Shrew from that of the slow Tor- 
toise, fig. 45 ; and the lateral lobes of the 
cerebellum carry appendages, as in the Opos- 
sum. The anterior bigeminal bodies, o, much 
exceed the posterior ones in size. A feeble 
and interrupted indication of the medilateral 
longitudinal fissure marks the upper surface 
of the hemispheres. These are much contracted anteriorly. A 
short callosal fissure is added to the hippocampal one on the 
inner surface of the hemisphere. The rhiiiencephala are long, 
large, and pyriform. In the Hedgehog {Erinaceus) the ectorhinal 
fissure is apparent in the upper view of the brain through the 
great relative size of the crura rhinencephali. 

The Bats resemble the terrestrial Inscctivora in their cerebral 
surface, aS do also the smaller Rodents. In some of the larger 
ones. Agouti, e. g. (vol. ii. p. 270, fig. 146), the medilateral 
fold is better defined: but the Beaver shows no trace of this, 
although the hemispheres are broader anteriorly : they are more 
expanded here in the equally smooth cerebrum of, the Porcu- 
pine, fig. 77. The Rodents show some variety in the shape of^ 



' XX. no. 1323 u. 



no 


ANATOMY OP VEBTEBRATES. 


the cerebrum. In the Leporidce^ fig. 79, it is lozenge-shaped, 
with the anterior borders longer, and converging to a narrower 
(though obtuse) apex, than the posterior ones. In the Pacas 
the cerebrum is broader, with both ends more obtuse and larger, 
and the hinder third is broader. In Castor^ fig. 78, it pre- 
sents a full ovate figure. In 
Ili/strix, fig. 77, it is subquadratc, 
through increasing breadth of tlie 
fore part. On the medial surface 
of the hemisphere the ^ hippocampal 
fissure ’ is confined to the hinder 
half; the ^ callosal fissure ’ is su])er- 
added, commencing at the ^ sple- 
nium’ or posterior genu of the 
great commissure, and running 
along its u])j)cr surface to the an- 
terior genu ; it is shallow, but now 
defines the true Mahium cerebri.’ 
On the under surface the ectorhinal 
fissure, figs. 83 and 84, 2, has the 
same extent as in the Wombat; it 
diverges, as it recedes, further from 
its fellow, in fig. 83, through the 
greater breadth of the basirhinal protuberances, h. A few 
short fissures rise from its anterior half a little way upon the 
hemisphere in the Cavies, as in the Wombat. ’In the Por- 
cupine the sylvian fissure, figs. 77, 84, 5 , is well marked, 
though short, and there is a feeble indication of the ^ coronal 
fissure,’ 12 . 

In the smaller and especially the insectivorous Brnta the 
brain presents the lissencephalous type, having smooth, low, 
triangular hemispheres, leaving the mesencephalon as well as 
epencephalon in view posteriorly. Basj/pus has the fore part 
less contracted than Myrmecophaga, at least than M, didactyla. 

In Bradypus the anterior expansion gives an ovate fonn to the 
hemispheres; and now, besides the hippocampal, callftsal, ecto- 
rhinal, and sylvian fissures, the upper surface shows the medi- 
lateral, suprasylvian, and frontal ones. The medilateral bends 
outward anteriorly, defining the ^anterior lobe’ impressed by 
the short angular or triradiate ^ frontal ’ fissure. The above 
fissures mark out a medial, lateral, sylvian, postfrontal, and 
prefrontal convolutions. On the inner surface a supcrcallosal 
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fissure now defines a ^convolution of the corpus callosum/' the 
lower margin of which, resting on that body, is the ^ labium cerebri’ 
of anthropotomy : in Sloths, as in Shrews and Rodents, it is an- 
terior to and distinct from the ^ hippocampal ’ fissure and fold. 

In all Lissencepliala the hemispheres present the following 
structure, the rise in which, as compared with that in Lyence- 
pliala^ is independent of the smallness and smoothness of those 
divisions of the brain. 

Taking that of the Beaver ( Castor Jiher)^ c. g., and comparing 
its prosencephalon with the sub-convolute one in Phascolornys or 
Macropus^ wc find, on divaricating the hemisjjheres, that the 
^ corpus callosum ’ is brought into view, and on removing the 
cerebral substance to a level with this body, as in fig. 78, its 
fibres are observed to diverge into the substance of each hemi- 
sphere, some bending upward, but a greater proportion arching 
doAvnward and commingling with those that diverge from the cere- 
l)ral nuclei. The j^ortions of the brain which arc removed in 
thus tracing the extent of the corpus callosum bring into view the 
corpora bigemina, B, and the pineal gland, u ; but the optic thalami 
arc concealed by the great com- 
missure above described. If the 
posterior margin of the corpus 
callosum be raised, its inferior 
surface is found to be closely 
connected or continuous with the 
transverse commissural band of 
fibres, arching over the anterior 
part of the optic thalami, and 
passing outward and backward 
along the floor of the lateral ven- 
tricles into the substance of the 
hippocampi, which are almost as 
large as in the Wombat. The 
anterior part of the corpus cal- 
losum is bent downward, and it 
is attached along the middle line 
of its Inferior surface by a uniting 
medium of medullary substance, 
the beginning of the ^ septum lucidum,’ to the hippocampal 
commissure or fornix ; the tasniie hippocampi sei^d forward, 
as in the Wombat, a delicate layer of medullary fibres which 

* * Ourlct ’ and * internal convolution ’ of Fovillc, xxv". 
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Dissection of brain to show coriuis callosum, 
Deaver. 
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spread over the mesial surface of the anterior lobes, and are 
homologous with those marked o' in fig. 75, and in figs, 4 and 
6, pi. vi. LXX\ 

The corpus callosum being removed, and the commissural 
fibres of the hippocampi being left behind, the view of the 
Beaver’s brain now corresponds with that obtained in the dis- 
section of the brain of the Wombat, fig. 75. The artery of 
the plexus choroides, ib. p, in both the Beaver and Wombat, 
enters the lateral ventricle, where the hippocampus commences 
at the base of the hemisphere, and the plexus is continued along 
the under surface of the tasnia hippocam 2 >i, and passes beneath 
the fornix, through the usual foramen, to cornmuiiicate witli its 
fellow in the third ventricle immediately behind the anterior 
crura of the fornix, which are sent down in the Beaver, as in the 
Wombat, from the centre of the inferior surface of the liij) 2 )o- 
camj)al commissure. 

If we exjiosc the lateral ventricle by removing its outer 
parietes in a marsupial and j)lacental quadruped, the hi])j)()cain- 
piis major, the txnia Jiif)pocampi, the plexus choroides, and the 
foramen JVfonroianum are brought into view. If a style be 
thrust transversely through the internal wall of the ventricle, 
immediately above the hippocamj)al commissure, in the pla- 
cental quadruped, it enters the op 2 )osite ventricle and perforates 
the septum lucidum, passing below the cori)us callosum. If tlic 
same be done in the Marsupial brain, the style i)asses into the op- 
posite ventricle, bflt is immediately brought into view from al)ovc 
by divaricating the hemispheres. 

The commissure, answering to the ^ lyra,’ represents the begin- 
ning of the corpus callosum; but this determination does not 
invalidate the fact that the great commissure which unites the 
supraventricular masses in the Hedgehog, Beaver, Bat, and all 
other placentally developed mammals is a definite sui)eradditi()n 
for more effectually associating the hemispheres in whatever 
motion or change they may undergo in the actions of the 
brain. 

All Lissencephala show a large proportional size of the hip- 
pocampi, fig. 7 9, y* and c, a small ^ corpus striatum,’ dy and large 
‘ bigeminal bodies, ’ A, which bear the same proportion to each 
other as in Marsupialia, The smaller the brain, the larger is the 
share whiclj the mesencephalon takes in its formation, as in the 
Shrews and Moles (fig. 67). 

The rhinencephalon, fig. 79, fig. 81, c, is connected by a 
broad and complex ^ crus ’ with the under part of the hemispheres. 
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having the ^ outer root/ fig. 
79 



Loinifl. d ^\)riius strijif nin. 
c Tteiihi seinirlrc. / UIppoc. major. 


Tlic clilcf braiii-cliaractcrs 
extension of the cerebrum ov< 
81 


2, which is continued from the 
basirhinal tract/ ib. /i, the ‘ inner 
root/y, and the intermediate ^ per- 
forate body or tract/ ib. r: the 
lateral ventricle is continued into 
the rhinencephalon (fig. 79, A). 
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Mcsoncophalon and section of cerebellum, 
Agouti. XXXII". 


’ the Lissencephala ar‘\ the non- 
the cerebellum, the paucity and 
82 



Base of tlie brain, Agouti, xxxii”. Base of the brajn, Porcupine {Ilystrix erhtata). xxxii *. 


* Part of the * natiform protuberance ’ or ‘ lobe of the hippocampius’of sonic antliro- 
poton lists. 

VOL. III. 
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simplicity of folds on the exposed surfoce of tlie hemispheres in a 
few, their absence in most; the connection of the two heinisjdieres 
by a ^ corpus callosum,’ as well as by the ^ lyra ’ and ^ anterior 
commissure,’ the absence of the ^ septum lucidum,’ and the pro- 
portionally large hippocampi and bigeminal bodies. 

C. Gyrcnce.phala. — In this subclass tlie prosencephalon is rela- 
tively larger, extending backward more or less 
over the cerebellum with a concomitantly de- 
veloped ^ corpus callosum,’ the connection of 
which with the ‘ fornix ’ is noAV maintained, not 
only by the ^ lyra/ but by the attenuated ver- 
ticiilly extended subjacent [>arfs of the medial 
walla of the lateral ventricles called ‘ septum 
lucklum,’ their interspace being the ^ fifth ven- 
tricle’ of Anthropotomy, fig. 118, 

In some of the smallest species of Gyrcn- 
cephala the exposed surface of the cerebral hemi- 
spheres may be smooth, or with few and simple 
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Brain of Cat, Filis 


fissures (fig. 9G, ITyrax ; fig. 101, Tragulas ; and vol. ii. fig. 147). 
This state docs not, however, relate to reduction of hemispheres, 
j, I but may coexist with their 



extension over the whole 
cerebellum,' as in some 
small Quadrumanay fig. 
109, Midas and Calllthrix ; 
but the increase of super- 
ficial grey matter by fissures 
and folds is now the rule. 

Three leading patterns of 
convolu ted^Buidacc, whicli , 
from the pi^evalent direc- 
tion of fissuring, may bo 
termed the ^ oblique,’ ^ lon- 
gitudinal,’ and ^ trans- 
v(u*se,’ are presented by the 
Gyrcnccphahiy and arc ex- 
emplified, respectively, in 
the ungulate, unguiculate, 
and quadrumanoiis divi- 
sions of the subclass. Not- 
withstanding, in these gene- 
ral variations homoIo£rous 


• rxx-. j.l. V., n-. 2 (1836). 


♦prosencephalon of mammals. 
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primary convolutions may be traced. The Proboscidia^^g. 108, and 
Cetacea^ fig. 85, show excess of convolution of the cerebral surface. 

Erasistratus ^ affirmed the convolutions to be most numerous in 
the brain of Man, and associated them with his superior intelli- 
gence. Willis ^ pointed out that the convolutions, though present, 
were fewer in brutes than in Man ; that the Ape had more of 
them than the Eox or Dog, &c. ; that paucity was associated 
with regularity and symmetry of folding and with more definite 
and limited instincts, while the waift of symmetry of the more 
richly convoluted brains was associated with greater diversity and 
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freedom of mental operations. By these remarks Willis initiated 
the comparative anatomy and physiology of this part of the brain. 
Vicq d’Azyr*** noted the symmetry of the convolufions in the 
brain of the Monkey, and contrasted it with the want of such 
symmetry in Man. JVIalacarne ^ first defined a j)articular convo- 
lution, that, viz., which overlies and follows the contour of the 
corpus callosum. Tiedemann docs not enter upon the comparison 
of the convolutions ; but he first showed the order and periods of 
their successive iq)pcarance in the human brain.^^ Serres^ stated 
them to be too inconstant to characterise species or families of 
Mammalia. I early made observations to test this question, and 
in 1833 I communicated the rcsidts in regard to the convolutions 
of the cerebrum in the Felidae^ distinguishing the ^ folds ’ by 
letters, and the ^ fissures ’ by figures ; ® and finding *that their 

* XLIV. * xxr*. * xr^r*. < XLvr*. * xxx-. * xxxii *. ^ xrvir-. 

® This mode of notation has been reversed by a snbseiinent author, but no advan- 
tage from the innovation is pointed out, or seems to be gained thereby. 
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homologiics could be traced from species to species in that family, I 
distinguished most of them by names. 1 further entered upon th(‘ir 
classification, and defined tlie ^ primary ’ and ^ secondary ’ fissures 
and folds, showing that the ^ secondary fissures were in general 
less symmetrical than the primary ones’ (xlvii**. p. 134), and 
that the differences observable in the brains of the Felidm were 
due chiefly to the absence of more or less of the secondary convo- 
lutions in the smaller species ; ^ in the common Cat the principal 
fissures, or anfractuosities, *are less obscured by fissures of the 
second degree than in the larger Felines’ (ib. p. 133).' M. 
Leuret, in citing this attempt to bring the convolutions within 
the domain of comparative anatomy,^ has extended, in association 
with his colleague, M. Gratiolet, the like comparison to other 
species and families of Mammalia. Foville^ arranges the cerebral 
convolutions into those of the ‘ first,’ ^ second,’ ^ third,’ and ‘ fourth 
orders, characterised partly by j)osition, partly by dii’cction ; and, 
in each order, they are subdivided into ^groups.’ This system, 
based mmnjy on the study of the parts in the human brain, has 
to Ant/irointtomy ; the comparisons tnd h:\ywir | 

been iditivil ti^ the extent tv(iiii>ite toy the nwelfral fi-- 

sur(\s accttnling to tlnur order of ap|»earan(‘e or ron.^ianey in t||o 
MawwwaVvAU senes, I'vvor lu ll\e uppearanec of both these works 
b Wt\ eonlmwed my o\)sevvat\oi\s as opportunities presented t\u‘m- 
soIn es *, and gave the result of sueh exteuded comparisons in the 
Course of Vicetures delivered at the Iloyal College of Surgeons 
of England in 1842 ; my diagrams there, in wliieli homologous 
convolutions are indicated by colours, may still testify in part to 
the extent to which tlie comparisons had been carried ; the main 
aim which I bad in view being the determination of tlie homolo- 
gous and superadded convolutions in the more complex j)rosen- 
eeplialon of Man.^ 

In the Carnivora, to the rhinal, figs. 90, 92, 2 , hippocampal, fig. 

8fi 86, 4, callosal, ib. 7, and sylvian, fig. 90, 5 , 

fissures, arc added, in the smallest species 
{Putorius), the fissures 8 and 14 , fig. 87. 
first, commencing near the posterior part 
^ hemisphere, at n, extends forward, 

equally bisecting that part of the surface 
Inner surfatj of heraiBDhere, bctwecu the intcrhcmispheral and sylvian 
('^) fissures, then bends outward parallel 
with and in front of the sylvian fissure.^ That marked U extends 

' -IJie preliminary sketch of the Irstory of this part of cerebral anatomy is from tl:c 
13th Lecture of the Hunterian course for 1842. 2 xi r*. vol. i. p. 380. 

•* xxv. (1841). * ‘M.'dicnl Times,’ Nov. 12, 1842, vol. vii. p. 101. 
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from the iiiterhcniispheral* fissure outward and slightly forward. 
The upper part of the hemisphere is thus here divided into tracts 
which may be termed ^ medial ’ sylvian and frontal 

In a small Plantigrade, the Coati {Nusua), we find a longi- 
tudinal fissure, fig. 88, ii, ii, which diverges outward as it 
advances ; and a fissure, fig. 90, s, which is in advance of and 
parallel with the sylvian, 5, but curves backward overarching 
that fissure and subdivides the cerebral tract between the fissure, 5, 
and the one marked ii. Here, therefore, is a ground of choice. 
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BTa\u,\\VY>or view, CoaU. Fox. 

Stoat, Putoriad. Vv*pcr surface of right hemisphere. 


whether, viz., the fissures 8 or ii in the Coati be the homologue 
of that marked 8 and n in the Stoat. The homology of u is 
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Ooatl. Cat. Ft)X. 

Side view of brain. 


clearer, and the tract anterior thereto is moi*e definitely or deeply 
subdivided into a superfrontal fold w*", and a midfrontal one w", 
figs. 88, 89, Coati, Fox. 

In the Cat, figs. 83, 91, the longitudinal course of the fissures 1 1 
and 8 is more extensive ; the oblique fissure 12 crosses the anterior 
end of 11 , and marks out an anterior tract which is divided, trans- 
versely, by 14. A fissure, 10 , following the liindcr contour of the 
hemisphere, bends forward, between 11 and the iritcrhcmispheral 
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one, as if to subdivide the medial tract, -fig. 83, /, and is continued 
far forward in the larger Felidae, though shallow like a secondary 
fissure. The sylvian fold, e, e! , also begins to be subdivided by the 
secondary fissures s', s', fig. 91, which are more fully established, 
arching over the sylvian fissure, at s', in the Canidce, fig. 92, Fox. 
On the inner surface of the hemisphere the supercallosal fissure, 
fig. 86, 7', in the Cat, rises anteriorly diverging from the callosal 
one, 7 ; the frontal fissure, 14, extends backward into their inter- 
space : the marginal fissure, ib. 6, runs parallel with the super- 
callosal one, 7 ', and is longer in the larger felines ; in which most 
of the primary folds are impressed by short secondary fissures.* 
The cerebrum of the Cajiidcp, figs. 89, 92, Fox, is longer and 
narrower anteriorly than in Felidae, fig. 83. The frontal fissure, 
%. 89, 14 , marks out a longer anterior lobe : the medial fold, ib. 

2, 2, is more longitudinal, less bent outward anteriorly ; the lateral 
or siipci\<ylyhn fold r/, ha^ a like cimracicr : the sylvian fohl. 
92, e, e\ l< suhdiyided by the secondary lissure, s', arching 
over t\\e sylv’vau one, 5. The coronal fissure, 12, is now re(H)gnis- 
a\)\e. The anterior lobe is equally divided by the IVonfal fissure, 
fig. 89, 14, into the postfrontal tract, n, and the prefrontal, ?/', /f, 
l^loat of the primary folds are marked hy secondary fissnres, and 
the number, extent, and depth of these chiefly distinguish the 
brain of the Dog from that of the Fox. 

The hrain of the Bear ( Ursus) is more ohlong than that of the 
Fox. The frontal fissure marks out as long 
an anterior part, in which the subfrontal n', 
mid frontal w", and supcrfrontal w'", tracts arc 
indicated by secondary fissures : but tlie me- 
dial fold, I, is more extensively bent outward. 
The medilateral fold, m, is still more bent out- 
ward anteriorly from the longitudinal course. 
Secondary fissures impress the surface of 
several of the primary folds, especially the 
broad anterior part of the medial one. The 
cerebrum attams its greatest relative size 
and complexity of structure, in the present 
group, in the Seal family, fig. 93. The 
horizontal contour of the brain is almost 
circular, and the surface of the hemispheres 
offers, at first view, numerous convolutions ; 
but a comparison of tbeir relative depth serves to distinguish the 
secondary from the primary ones, which latter are the follow- 

’ XLVII-. pi. 20, figs. 1-3 {F. juhata). 
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Seal (Phocu). Upper surface 
of right hemiuphcrc. 
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ing : — The ju’cfrontal l()l)C3 defined hy the fissure u, 

fig. 93, is shorter tliaii in tlic Felines; both medial Z, mecli- 
lateral in^ and supersylvian ff, folds, arc longitudinal and parallel, 
but with outlines wavy through secondary fissures. The sylvian 
fissure, marks the sylvian fold, which is not continuously or 
well defined, the lateral fissures being too irregular and inter- 
]-uptcd. The ectorliinal fissure, through the vertical extension of 
the natiform protuberance, is more interrupted than in other 
Carnivora ; but it is continued backw ard from the sylvian fissure 
and defines tlic mesial non-convoluted part of that ])rotuberancc 
(basirhinal tract). The orbital fold, bounding the outer crus and 
side of tlie rhinencophalon, is defined by the entorbital fissure, 
more extensively and definitely in the Seal than in most other 
Cai’iiivora. Tlic mass of tlic ]jcmis]>lieres bcliind the sylvian 
fissures is relatively greater than in other Carnivora^ and a lai’ger 
])ro]>ortion of the cerebellum is covered thereby. 

The general parallel longitudinal 94 

course of the primary folds, c, //, /, cha- 
I'acteristic of the liemisjjlicres of fV/r- 
nivoruy is more stricdly preserved in the 
Cetacea.y fig. 94 ; but with great increase 
of cerebral substance, and especially 
of tlie exterior layer, by tbe very nume- 
rous secondary fissures, wbicb mask the 
true character of the primary ones, 11 
and 8, until a comparison of the relative * 
de})tli unfolds it.‘ 

Although the olfactory nerve be not 
developed in Dolphin idee,, the rliinal, fig. 

GO, hy and basirhinal, //, tracts arc de- 
fined by the ectorhinal fissure, 2, a circumstance significative of the 
derivation of this marine family from some form of tlie INIammalian 
class, retaining, as in DalamidcOy the usual provision of nerves of 
special sense. In fig. 95 arc shown the extent of the corpus 
callosum, Z>, the depth of the cerebral fissures, and the jiroportions 
of the ^ corpus striatum,’ rZ, k, the optic thalamus, ?, and the 
hi})pocampus, <7, with its unusually broad ^ taniia,’//, or free border 
continued into the ^ fornix.’ A beginning of the ‘ posterior horn’ 
of tlic lateral ventricle is now first sliown. 

‘ The primary cerebral convolutions in the hoofed IMiunmals have 

* Tlic preparation of the Porpoise’s brain, by which 1 showcil tliis struct nro in the 
* Hunterian Course’ of 1842, is prubahly still preserved in tlie Museum of the Ixoyiil 
College of Surgeons : the primary convolution g is removed. 
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a general disposition, converging from behind forward as far as 
the anterior third of the cerebrum, and tlience diverging, but in 
different degrees.’^ lloth Artiodactyle and Perissodactyle orders 
include species as small as a rabbit; yet the Pigmy Chevrotain 

95 



Horizontal section of cerebral lieinispheres, Mphinus. xxxix *. 


{Trafftlius, fig. 101) and the Eock-Concy {T/i/n/.v, fig. 96) alike 
manifest the essential gyrenccphaloiis cliaracters in the extent 
to which the cerebrum (prosencejdialon) covers the cerebellum, 
and the degree in which its surface is folded: both, likewise. 
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I pper surface of brain, Hy rax. Horse. llhlnoccros. 

Upper surface of right hemisphere. 

manifest the Ungulate convolutional pattern, albeit exemplified 
in the simplest measure hy them in their respective groups. 
Ths brains of both Traijulus and llyrax show the foOowing 

* V. p. 53, 
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])rlinaiy fissures : ccto- and eiito-rhinal, lnpj)ocainpal, fig. 99, 4 , 
sylvian, fig. lOO, 5, callosal, fig. 99, 7, lambdoidal, figs. 96, 101, 13 , 
and ciitolambdoidal, fig. 99, i.V, supersylvian, fig. 101, 8, and 
lateral or mcdilatcral, ib. lo. In Trarjulus, fig. 101, this is slightly 
indicated: in llyrax^ fig. 96, 10, it is longitudinal but short. 
Ihjrax also sliows a frontal fissure, ib. ii, and the postsylvian 
fissure, ib. 9. But the chief dilFerence is seen in the course of the 
fissure 13, which, impressing the inner and posterior side of the 
Jicinisplicre at fig. 99, la', converges toward its fellow in Trayulas, 
but diverges as it advances, in llyrax, and extends beyond the 
frontal fissure, 14, simulating the longitudinal one in the same 
part of* the b«ain in the Agouti, Sloth, and Aye-aye. Its fore-part 
1 ‘uns into the superfrontal fold, or divides it from the sub- 
frontal, il"\ We may trace the homologue of 13, interrujited by 
s(K‘ondary fissures, marking off a less elongated mesial tract of the 
brain, in the Ibjrse, fig. 97, and lihinoceros, fig. 98. The primary 
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Hyrax, lihinoceros. 

Inner surface of hemisphere. 


fissures, in Ihjrax^ define the following folds : viz., sylvian, figs. 
96, 106, c, c', postsylvian, ib. /, part of supersylvian, ib. 
blending with the medilateral or medial, the entolambdoidal, 
fig. 99, //, rising to the upper surface, confluent with the tract 
representing the superfrontal, in like manner the sylvian, 
fig. 96, c', blends with the subfrontaJ tract, ib. 7^'". On the inner 
surface of the hemisphere, the hippocampal fold, fig. 99, «, the cal- 
losal, A, and entolambdoidal,//, are defined; with an indication of 
a falcial fold, <?". The ectorhinal fissure at the base of the brain 
bounds the outer side of the rhinencephalic part, and divides it 
from the more exterior jiart of the ‘ natiform protuberance.’ 

In the larger Perissodactyles, the expansion of the hinder part 
of the hemispheres is attended with a greater recession of the 
supersylvian fissures, fig. 97, Horse, and fig. 98, Rhinoceros, 8, 
outward and backward ; they also become deeper, more continuous, 
and more wavy: the lateral or medilateral fissure, lo, is now deve- 
loped to a similar extent, running parallel with 13 and 8, and with 
more depth in Rhinoceros^ fig. 98, than in EquuSy fig. 97. Both 
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I and y bend outward anteriorly, in llliinoccros, in a more definit(‘ 
way than in i^quns. The anterior lobe, marked oft by the fc^Iiorl 
fissure, 14, is relatively larger in every dimension in the great 
Perissodactylcs, and is broader and deeper in the Horse than in 
the lihinoceros. The tract of the inner or mesial surface of the 
hemispheres above the callosal fissure, fig. 100, 7, is impressed by 
the parallel ^ marginal ’ fissure, ib. 6, in both large Perissodacityles ; 
and the callosal fold so defined is subdivided by a secondary 
intermediate ^ su])ercallosal ’ fissure, 7', more continuous in llu' 
Rhinoceros than in the Horse, into the ^ callosal j)roper,’ k, and 
the supercallosal, /e', folds. Beside the falcial fissure, 15, there is 
a jirefrontal secondary fissure; and the septal or ])(«! falcial sur- 
face, 7/, is extended by secondary fissures. The increase and 
complexity of the upper convoluted surface of the hemispheres in 
the larger Perissodactylcs are due to the full establishment of 
primary fissures, upon the plan sketched out in llijrax'^ to their 
more wavy course, and to the superaddition of secondary fissures, 
indicated by interru{)ted lines in figs. 97 and 98. 

In passing from the Pigmy Musks to the brains of larger Artio^ 
(lactyles^ we find the fissure wliicli is feebly indicated at 10, fig. 

101 102 103 



Tragulus. CtTViis. GJr.jffc. 


101, TraguluSy fully developed in figs. 102 and 103, and di- 
viding the triangular tract into the oblique folds I and g : which I 
hold to include the same parts of the cerebrum as the more longi- 
tudinally disposed folds lettered g, /, tw, in Carnivora. In some 
small Cervid(B the secondary fissure, 11, is not present : in most it is, 
as also in the hollow-horned Ruminants, Giraffe, Cam el -tribe, fig. 
I05y Auchenia^ Suidai,^g, Hippopotamus. The lambdoidal 

fissure, 13, retains its character, as in Tragulus, viz. short, ante- 
riorly convergent, and continued on the inner surface of the hemi- 
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sphere; notso loiigitndinally cxtoTulcdiilongthemesiiil margin of the 
Jiemispherc in lijrax and Kquua. 

The folds, / and figs. 1 02 105, come ^ 

into contact at the middle part of tlie ) A, 

interliemisplieral fissure, and sliow / f\ W 

llieir character as mc'dial ones, in the j \ 

larger A rtiodactyles. In fig. ‘y(^r n 

102, / and (/ l)lend anteriorly, and are ^ VV-'V^ 

continiK'd into ihe frontal tract, /z, I \\ y ^ \ k'J/' - 

ihc anterior longitudinal sulidivisions \\ \ rVA 

of Av Inch arc marked oil* l)y the short v \ 7 ^ U vM J 

fissures, h' and 14". In the Giraffe, xl./ 

fig. 103, the primary fissure, lo, is Amiioma. 

continued by a bend which may indicate 12, into the midfrontal 
fissure, i f'; in most Ruminants the siipcrsylvian fissure, 8, extends 
into 14''. On the inner surface the same course of complexity adds 
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ILi-ax. Giraffe. 


to the jirimary hijipoeanipal, 4, callosal, 7, and cntolambdoidal, 13', 
fissures, shown by Tra^ulas and Jlyrax^ the marginal, 6, super- 
callosal, and falcial, 15; the supercallosal, Avhicli is interrupted 
in the Sheep and Ox, is los 


continuous in the Girafte. 
Less significant secondary 
fissures impress both fore 
and hind parts of this sur- 
face. Below the sylvian 
fissure, 5, and fold, c, c', 
a narrow undulated ^sub- 
sylvian ’ fold, /', fig. 107, 
Giraffe, divides them from 
the ectorhinal fissure, 2 : it 
is not present, at least as a 
convolute tract, in Perisso- 



Blophant ; side view of cerebral hcmiapbcrc. 


dactyles : it is well marked and rises high up the sylvian fissure 
in Proboscidians, fig. 108, We shall meet with this sub- or ento- 
sylvian tract again ; it attains its greatest extent of surface in Man. 
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thrix^ fig. 109) the sylvian fissure, 5 , and fold, are directed 
jnore obliquely from above and behind, downward and forward, 
than in the Aye-aye, ib., and most Lemuridie : this character 
appears to be due to the preponderating growth of the frontal 
lobes, and becomes more marked as the Quadrumana rise in the 
scale. We next find that each hemisphere is divided into an 
anterior, middle, and posterior tract or region by two deep and 
extensive fissures, 12 and is, Macacus^ fig. 109, and Cehus, fig. 116, 
which, from their respective correspondence in position with the 
coronal and lambdoidal sutures, bear the same names. 

In Celnis the sylvian fissure, fig. 116, 5 , is overarched by a 
snbangular one defining the fold, g ; from 
the angle a fissure, is, extends to the inter- 
hcmlspheral one, and is continued deeply 
down the inner or mesial surface. Out- 
wardly the lambdoidal fissure, is, defines 
and undermines a posterior part of the hemi- 
sphere, by raising which the continuation of 
the postsylvian fold, /, may be traced beneath 
it. The chief difference between the cata- 
rhine and lemurine hemispheres, at the inner 
surface, is the superaddition and interposition 
of the entolambdoidal fissure, is', between 
the post-hiiipocamj)al, 4 ', and marginal or 
super-callosal, 7', fig. 117; the entolambdoidal 
being sometimes continued into tlie post- 
hippocampal fissure, as in fig. 118, is' — 4'. 
The almost transverse fissure, fig. 116, 12 , di- 
vides the large anterior from the middle lobes. 
In the latter, however, may be recognised the 
sliort tract, Z, /??., combining the ^ medial ’ and 
^ inedilatcral ’ folds, but more transversely disposed than in Carni- 
vora \ pushed out, as it were, by the backward growth of the 
anterior lobe. Secondary fissures there indicate frontal, //,, raid- 
frontal, 7^", and superfrontal, w', folds. One or two longitudinal 
occipital fissures mark out corresponding folds, The ecto- 

rhinal fissure, fig. Ill, 2 , sinking into the sylvian one, 5 , may have a 
continuation in the anteroposterior fissure, ib. 2 ', which divides the 
^ natiform protuberance’ into a medial or basirhinal, Z>, and a lateral 
moiety, jT.. In most Catarhincs the coronal fissure, 12 , figs. 114, 
116, extends, from Avtthin, more obliquely forward and outward; 
the homologues of the platyrhine fissures and folds are clearly 
seen, as marked by the figures and letters in Macacus and Cebus^ 
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fig. 116. Secondary fissures subdivide the orbital as well as the 
frontal and falcial surfaces of the anterior lobe : the surface resting 
on the orbital plate of the frontal 
bone, in the Orang’s brain, fig. 

112, shows the following con- 
volutions : — ‘postorbital,’ o, mid- 
orbital, o', entorbital, o", ect- 
orbital, o'", and antorbital, o'". 

That which lies external to the 
rhinal fissure or depression is not 
subdivided into ectorhinal and 
entorbital folds as in Man, fig. 

120, d, o". Similar secondary 
chinks furrow the occipital lobe, 
on the tentorial surface of which 
the tentorial fold, fig. Ill, r, 
the entotcntorial, r', and ecto- 
tentorial, r", are now defined by 
the fissures, is, is', is''. These 
folds are more or less continuous with the basirhinal, b, and sub- 
sylvian, f', tracts. The increasing number of secondary fissures 
and the greater de[)th and more winding course of the pri- 
mary ones mainly characterise the brain in the Orang (vol. ii. 
fig. 148) and Chimpanzee, fig. 114. The tract between the 
interhemisjfiieral and sujiersylvian fissures is subdivided into 
medial, I, mcdilatcral, m, and supcrsylvian, g, folds, fig. 116, 
Chimpanzee : we have evidently here the corresponding parts of 
the hemispheres that form these folds, or parts of them, in 
Caruivorg, 

D. Archencephnla . — The same principle carried abruptly to an 
extremely greater degree, as in figs. 115, 116, Homo, associated (as 
compared with Gorilla, c. g.,) with a greater proportional bulk of 
the brain to the body, and with a still greater proportional size of 
the cerebrum to the rest of the brain, characterise the Archencejdia” 
Ions subclass, from the lowest varieties (Australian, Boschisman, 
Hottentot) to the highest. These proportions have thoroughly 
stood the severest tests, as where the diminutive female in such 
varieties has been selected to exemplify the brain-characters, 
with a view of reducing the chasm between the gyr- and atch- 
enccphalous brains to a minimum. * 

Before entering into the details of the complex convolutional 
surface of the human cerebrum, I may premise some recapitu- 
latory remarks. 
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^ We are guided to the homologous parts of the cerebral hemi- 
spheres throughout their range of developemcnt in the Mammalian 
class, in a great measure, by their relations to other parts of the 
brain. The portions more immediately surrounding the cerebral 
crura, ^ those which overarch the corpora striata and thalami and 
overlie the olfactory crura, or at least their beginnings, can 
hardly be doubted to be corresponding parts in all Mammals. The 
inferior prominences behind the crura rhinencephali,’’ forming 
the protuberantiaj natiformes” of some anthropotomists (Z>' basi- 
rhinal fold), the inverted hippocampal fold, its labia and fissure, 
are plainly determinable throughout the class, as is also the 
sylvian fissure, 5 , somewhat less constant, dividing the part of 
the hemisphere terminated by f', figs. 113 and 115, and sometimes 
called “ inferior lobe,” from the part which is in front of it : the 
superadded cerebral substance to the above more constant parts 
of the hemispheres is that which, in Man, advances, overlaps, 
and extends beyond the olfactory lobe, and that which extends 
backward in like relation to the cerebellum. 

‘ If one can predicate homology of any folds or fissures of the 
cerebral superficies, throughout the Mammalian class, it must 
be at the above-defined middle, part of the more developed 
hemispheres, and especially at those fissures, viz. 2, ectorhinal, 4 , 
hippocampal, 5 , sylvian, 7 , callosal, supercallosal, that are the 
most constant throughout the scries. The upjier surface of the 
hemispheres, as we have seen, is subject to different ways of 
folding : in Echidna the plaits go across. In Felis along it, while 
in Bos and Simla they run as^ew, yet contrariwise ; in one 
from behind forward and inward, in the other forward' and out- 
ward. It may seem, to some, that each leading division of 
Gyrencephala should have its own system of nomenclature and 
symbolism of brain-folds — that homologous convolutions can only 
be satisfactorily determined within the limits of such groups as 
Ungulata, Unguiculata^ Qiiadruinana, In a degree this Is true ; 
the grounds of homology are such in regard to some folds (o and 
7') as to leave room for difference of choice ; but there arc others 
that have a surer basis for homologising. Take, for example, the 
sylvian fissure,” 5 : the fold e, that immediately overarches and 
forms it, is determinable ; one part of the fold forms the anterior, 
the other the posterior, lip of the fissure : they are united or 
continuous* by the overarching part in most Unyniculatcs and 
Ungulates, The homology of the sylvian fissure and fold is not 

* Subsequently tltTincd us * proscnccj)Iial:c.’ 
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o])scure(l by the minor intersylvian convolutions, which are ex- 
posed in the Sheej) and Elephant, and are coneealed in higher 
(^iiadrumana and Man, where they constitute the gyri hr eves ” of 
Arnold ; ^ nor is that of the anterior lip by the interruption of 
the ectosylvian fissirre, s', in the Cat, fig. 91, whereby the sylvian 
is divided into parallel vertical folds, which, with the intervening 
sylvian fissure, are overarched by the higher supersylvian fissure, 
ib. 8. In Quadrumana the posterior part of the supersylvian 
fissure, fig. 109, 8, sometimes runs into one, 9 , behind and parallel 
with the sylvian, 5 . In Stenops the detached post-sylvian,” 9 , is 
short and straight, as in the Cat. 

^ In the Marmozets {Midas, Geof. Ilapale, Bl. Jacchus vulgaris) 
tlie sole superficial fissure on the exposed surface of the hemi- 
sphere is the sylvian, figs. 109, 116, 5, and this determines the con- 
tiguous ]jart of the hemisphere, e, to be the homologue of the 
sylvian fold. When the postsylvian fissure appears, as in 
Callithrix, fig. 109, 9 , the j>ostsylvian fold, f, is defined : it is 
certain that we now have the homologues of the folds so named 
and numbered in Ungulculates, figs. 90-92 ; and the advantage 
of their determination would be lost were we to apply new names 
to these folds and fissures as if they were distinct and superadded 
parts In the quadrumanous and bimanous brains. The next fissure 
which appears, in the Quadrumana, answers to that marked ii, 8, 
in Futorius, fig. 87, wliich is longitudinal and bends more or less 
outward anteriorly : it divides, in fig. 116, Callithrix, 8, the cerebral 
surface above the sylvian and postsylvian fissures lengthwise, into 
two pretty equal tracts, and tends to mark off an anterior part or 
lobe of the hemispliere. 

^ Proccc^Jing wdth the more typical Quadrumana, we find that 
the progressive expansion of the cerebrum, whicli has carried it 
backward over the cerebellum, and augmented the outward and 
downward extension of the part behind the sylvian fissure, has 
also added so mucli to the anterior lobes as seems to have pushed 
backward the rest of the hemisphere, and gives the sylvikn, e, 
and postsylvian, f, folds a more oblique direction from above, 
downward and forward, than in most lower Unguiculates. In 
the Otter, indeed, and Lion, the sylvian and presylvian fissures 
arc similarly oblique : but the posterior part of the sylvian fold 
docs not project outward so far beyond the anterior part as in 
Quadrumana : this development, together with the interruption 
of the supersylvian fissure, and the extension of secondary 
fissures at right angles and anterior to the sylvian fissure, tend 
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to mark the homology of the forepart of the sylvian fold in 
Quadriimana, Its upper part is now defined from the forepart or 

anterior lobe ” of the brain, by the fissure 12 , figs. 109, 116, which, 
instead of being continued with or from the longitudinal one, as 
in Lemur, fig. 116, 8 , extends from without, o’bliquely inward and 
backward, to or near to the interhemispheral fissure. It is that 
which, from being first well defined by the Italian anatomist ' in 
the human brain, has been called fissura Kolandi,” but which I 
term coronal,” or coronal part ” of the medilateral fissure, in 
Ferines, ligs. 88-92, 12 .’ 

In the side view of the human hemisphere, fig. 115, the fissures 
are indicated as follows: — 2 , ectorhinal, external to the crus 
rhinencephali, it is longer and more tjonspicuous in the lower 
Mammals, fig. 107, 2 , 5, sylvian, 8 , supersylvian, 9, postsylvian, 
9', subsylvian, 12, coronal, 1.3, lambdoidal, 14, frontal (or post- 
frontal), 14', superfrontal, h", midfrontal, 14"', subfrontal, h"*, 
ectofrontal, 17, occipital (or superoccipital), 17', exoccipital, 17'", 
ectoccipital. The folds or convolutions are : — d, ectorhinal, e, 
sylvian, y*, postsylvian, subsylvian,^, supersylvian, /, medial, m, 
medilateral (/ and m, as in Quadrumana, are less distinct from 
each other, as well as shorter and more oblique, than in CarnU 
vora), n, frontal (or postfrontal) n', superfrontal, midfrontal, /i'", 
subfrontal, w**, ectofrontal, 77 , lambdoidal, q, superoccipital, q\ mid- 
occipital. Homologous fissures and folds in the brains of the 

Infant. 

11.3 



infant, fig. 113, and chimpanzee, fig. 114, are indicated by similar 
figures and letters. 

In the upper view of the human hemisphere, fig. 116, the fol- 
lowing fissures are marked:— 5 , sylvian, 8, supersylvian, 9 , post- 
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sylvian, 12 , coronal, 13, lambdoidal, u, frontal, 14 , superfrontal, 
14 ", mid-frontal, 17 ', exoccipital, and i?**, postoccipital. The folds 
arc:—^, sylvian, Z, medial, m, medilateral, w, postfrontal, 


116 

Midtis. Calllthrlx. Macacus. Infant, 1 mo. Adult. 



superfrontal, midfrontal, subfrontal, o, ectorbital, 
lambdoidal, y, occipitaF, suroccipital, suboccipital. 

The primary fissures on the internal (mesial) surface of tlie 
hemisphere, fig. 118, are 4, hippocampal, with its long bifurcate 


117 



Vt-rtical 8cc((on, brain of Baboon. 


posterior extension, 4', :, callosal, 7', supercallosal, 6, marginal,* 
13', cntolambdoidal, here continued into the posthippocampal ; the 
supercallosal fissure, 7', bifurcates anteriorly, as in Papio, fig. 117, 
7' and Plthecus (vol. ii, fig. 149). The surface applied to the 
fore part of the falx is impressed by falcial, 15 , and subfalcial, 15', 

* This is seldom so distinct or continuous ns in the larger ungulates. 
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fissures, more or less parallel with 7'. The principal folds definec 
by the above fissures are : — a', posthippocampal, ky callosal, //, 
supercallosal, A, marginal. A', postmarginal, ty falcial, t'y subfalcia! 
( which is the inner surface of c, entorhinal), /?', entolambdoidal, s 
septal. 

Anthropotomists have primarily divided the hemisidicric masses 



into groups of convolutions or ^ lobes;’ some into three, viz., the 
^anterior,’ ^middle,’ and ^posterior’ lobes; others into fivec 
These latter are termed ^central’ (Johns centralis)y ^frontal' 
(Johns frontalis)y ^parietal’ (Johns parietalis\ * temporal ’ 
temporalis) y ^ occipital ’ Johns occipitalis). 

The central lobe J Stammlappen,’ Huschke) answers to the 
^ Insel ’ of Keil, and is not visible outwardly ; it includes the 
^ gyri breves,’ and is, by some, held to be peculiar to Qnadru- 
mana and Bhnana (but see figs. 117, \\%y f' yf'). 

The ^ frontal lobe,’ fig. 1 1 9, F, includes so much of the anterior 
lobe as lips in advance of the ‘ frontal fold,’ /^, ny and is subdivided 
above into the superfrontal, n\ midfrontal, subfrontal, 
ectofrontal, n^y and ‘ prefrontal,’ folds : it is an artificial division 
of the part, most naturally defined, both in (^uadrumana and 
Man, by the coronal fissure, 12 , from the rest of the hemisplierc. 
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The ^ parietal lobe/ P, includes the frontal fold, w, the anterior 
and superior parts of the sylvian, e, and supcrsylvian, g, folds, 
with the medial, /, and medilateral, wz, folds. 

The ^ temporal lobe,’ t, in- H9 

eludes the posterior part of 

the sylvian fold, the postsyl- \ Art 

vian, and subsylvian folds, /f T 

fig. 115,/,/", and also part of i J 

the supersylvian fold, g. /f 

The ^ occipital lobe,’ O, is a / ( f *f'J 

more natural division, includ- 1 ) / 

ing all the part of the hemi- ij \ f 

sphere which lies behind the / lA )\ 

lambdoidal fissure, la. / W 

The anterior lobe has three / f -'"I ^ ^ ( 

surfaces, one applied to the ,, n \ — J ! J ^ 
calvarial part of the frontal /e \^^ / f \ 

bone, another to the orbital / 

l)late, a third to the falx. / 

Each of these arc impressed \ " /i 

by secondary fissures, which I ^ \ 12 'm 

I have called ^frontal,’ ^or- \\ 
bital,’ and ^ falcial,’ accord- \K 

ingly. The frontal fissures \l \ !/ \ I ^ 

mainly affect a longitudinal \\ /> ^ ^ 

direction, but run behind into ^ V *i> 

a transverse one. This is the vX 

‘ frontal,’ or ^ postfrontal,’ fig. 1 

119, 14 ; it is more or loss 

extensive and parallel with J^II 

the coronal fissure, ib. 12 . The 

most constant of the longltu* supcriorsurfnroof the right hemisphere of the aUult 
dinal fissures pretty equally human bram, two-thirds nat. size. 

bisects the frontal surface; it is the ^ mldfrontal ’ fissure, fig. 116, 
14"; the fissure above or internal to it is the ^ superfrontal,’ u', 
that beneath or external is the ‘ subfrontal,’ fig. 115, u'"; beneath 
this again and upon the outer and back part of the frontal lobe 
is a deep and constant longitudinal fissure, usually bifurcate, the 
ectofrontal, ib. u**. 


Superior surfnro of the right hemisphere of the adult 
human brain, two-thirds nat. size. 


The fissures on the orbital surface present much analogy to the 
frontal ones. The posterior one is transverse and usually curved 
with the convexity forward ; it is the orbital or postorbital, fig. 
120, 16 ; the most constant of the longitudinal fissures which 
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extend forward from the orbital one, I call ^ midorbital,’ ib. ic'; 
that to the inner side is the entorbital, le"; that to the outer 

side, the ectorbital, le"'; a 
transverse fissure anterior to 
these is the antorbital one, ic"'. 
The ecto- and ento-rhinal fis- 
sures, 2, 3, distinct posteriorly, 
run into each other where they 
form the groove lodging the 
slender ^ crus rhinencetdiali ’ of 
the human brain. The cerebral 
folds thus marked out are the 
entorliinal, c (which is the un- 
der surface of the subfalcial, 
fig. 118, the ectorhinal, 
which, in Xy- and Liss-ence- 
jdiala, JJyigulata, and most Car- 
nivora, is continued backward, 
iinintcrruj)tedly, into the basi- 
rhinal tract, b ; external to d, 
fig. 120, are the postorbital, o, 
midorbital, o', entorbital, o", 
ectorbital, o'", antorbital, 

The postorbital tract passes 
backward into ^Kcil’s Island.’ 
The ectorbital, o'", merges into 
the ectofrontal, n"", fig. 119, of 
which it may be called the un- 
der surface : attention has been 
called to the coincidence of loss 
or defect of speech with lesion in that fold or locality of the 
brain. ^ The tracts connecting some of the folds of which the 
homology with those of lower mammals is determinable, are noted, 
in anthropotomy, as ^ annectant gyri ’ plis de passage,’4.ix-). 

On the falcial surface of the frontal lobe the most constant 
fissures are two that affect a longitudinal course ; the upper one, 
which seems to be a continuation of the ^ marginal ’ fissure, is the 
^ falcial,’ fig. 118, 15 ; the parallel one below is the ‘ subfalcial,’ is'. 

The posterior lobe of the hemisphere, marked off by the lamb- 
doidal fissure, 13, has three principal surfaces : one applied to the 
superoccipital plate, one applied to the falx, and one resting on 
the tentorium. 



* Lxxir* and Lxxiii’*. 
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On the occipital surface are several but irregular fissures, 
which, from their position, may be termed mid-, super-, ent-, and 
])ost-occipital ; they define, more plainly in Quadrumana than 
in Man, the lambdoidal, fig. 119, jo, suroccipital, <7", midocci- 
pital, q\ suboccipital, and postoccipital, folds. On the 
tentorial surface they affect a longitudinal wavy course, and arc 
commonly three In number; of these, the middle one is the 
^tentorial’ fissure, fig. 120, is, the inner one the ‘ entotentorial,^ 
ib. is', the outer one the ^ ectotentorial,’ is". On the surface 


next the falx, or septum dividing the ^21 

hemispheres, fig. 121, the fissures have a 
radiating tendency from the anterior angle //A 

outward : the most constant and important 14' 

of these, in Man, has already received the / \ \l 

name of ^ posthippocampal,’ being a con- // j K 
tinuation of that deep fissure the corre- / ^ ^ \ 

spending fold of which partly protrudes / \ 

into the posterior horn of the ventricle, / ^ ^ 

as the Oiippocampus minor;’ the rest I | ^ 

called ^ septal ’ fissures, reserving the 

term ‘falcial’ to those on the corre- i„„,r„„eptaUurfar^ of posterior 
spending surface of the anterior cerebral cerebrum, 

lobe. The fissure above the ^ posthippocampal ’ is the ^ septal ’ 
fissure, 19 ; that beneath the posthij^pocampal is the ^ subseptal,’ 
19"; the fissure between the septal and cntolambdoidal, is', fis- 
sures is the superseptal, 19'; their outer ends are frequently lost in 
a fissure following more or less extensively or interruptedly the 
j)ostcrior contour of the posterior lobe; this is the postseptal fis- 
sure, 19'"; it is peculiar to Man. The folds so defined on the sep- 
tal surface are : the cntolambdoidal, p\ superseptal, s' , septal, s, 


l)osthq)pocampal, «', subseptal, 5", and postseptal, s'". 

The human brain, in its development, passes through stages in 
some degree like those which are permanent in and characteristic 
of the jj^adrumana, in respect to its cerebral folds and fissures ; 
but it early manifests its distinctive archencephalous proportions, 
fig. 109, Foetus. About the twentieth week the fissures begin to ap- 


pear upon the upper surface of the hemispheres, fig. 116, three 
months’ Foetus. After the ^ hippocampal ’ and ^ callosal ’ have cleft 
tlie inner surface, and the ^ ectorhinal ’ and ^ sylvian ’ the under sur- 
face, the cntolambdoidal ascends upon the mesial side of the upper 
surface (fig. 116, 13); the postsylvian, 9, appears; then a faint 
trace of the longitudinal fissure, fig. 116, u', indicative of the 
midfrontal and cctofrontal tracts. The ^ coronal,’ fig. 113, 12, is 
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speedily followed by tbe ^ postsylvian ’ 9. A more or less inter- 
rupted fissure divides lengthwise the sylvian or supersylvian fold, 
ill. (7, from the median, /, and medilatcral, m, tracts. The lamb- 
doidal fissure, ns, extends toward the outer part of the hcmisjdierc : 
the pre-coronal tract of brain is fissured into subdivisions, chiefly 
longitudinal: the fmtal brain, at seven montlis, figs. 1 13, 1 IG, resem- 
bles, in superficial cerebral marking, that of the latisternal apes, ib., 
Chimpanzee, but is broader anteriorly, deeper and longer behind. 

In the foregoing summary we have seen that the fissures which 
break the surface of the mammalian brain are of different kinds, 
degrees, and values. Some, in the course of development and 
elevation of the primary masses, divide one from the other ; as 
tlie cerebrum from the optic and olfactory lobes, the cerebrum 
from the cerebellum, and this from the macromyclon. Some 
subdivide primary masses into symmetrical halves, as e.g., the 
intcr-hcmispheral fissure, the inter-olfactory fissure, and the shal- 
lower indent between the mammalian optic lobes or ^ nates.’ 
One or two fissures of the cerebrum make folds that project into 
the hcmispheral cavity or ventricle, c. g. the hippocampal and, in 
Man, the posthippocampal : most are confined to its crust or wall, 
and of these, as I showed in 1833, some, from their relative con- 
stancy, depth, and symmetry, may be termed ^primary,’ while 
others are of ^ secondary ’ or inferior rank. 

The following are those which arc noted by figures in the illus- 
trations of the present work : — 


Cerebral Fjssures, in the order mainly of their constancy in the Mammalia. 


Figures. 

1. Jntcrhemisphcral. 

2. Ectorhinal. 

2'. Basirhinal. 

3. Entorhinal. 

4. Hippocampal. 

4'. Posthippocampal. 

5. Sylvian. 

6. Marginal. 

O'. Postmarginal. 

6". Premarginal. 

7. Callosal. 

7'. Supercallosal. 

8. Supersylvian. 

8'. Ectosylvian 

9. Postsylvian. 


Figures*. 

O'. Subsylvian. 

10. Medilatcral. 

1 1 . Lateral. 

1 2. Coronal. 

1.3. Lambdoidal. 

1.3'. Eritolambdoidal. 

14. Frontal or Postfrontal. 
14', Super frontal. 

14". Midfrontal, 

14'". Subfrontal. 

14^*. Ectofrontal. 

1.3. Falcial. 

15'. Subfalcial. 

16. Orbital or Postorbital. 
16^ Midorbital. 


Figures. 

1 6". Entorbital. 

16"'. Ectorbital. 

16’'. Antorbital. 

17. Occipital orMIdoccipital. 
17'. Superocciplral. 

17". Entoccipital. 

17"'. Ectoccipital. 

17’'. Postoccipital. 

18. Tentorial. 

1 8'. En tote n tor i aflr 
18". Ectotcntorial. 

19. Septal. 

19'. Supcrscptal. 

119". Siibscptal. 

!i 9"', Postscplal. 


The following are the cerebral folds which are indicated by 
letters in the illustrations of the present work, with the synonyms 
of original labourers in this field of anatomy : — 
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Siibfalcial. 
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Each hemisphere is a bag of neurine folded or laid upon its 
expanding stem, the hollow of the bag being the ventricle. This, 
in the embryo, is capacious and simple, the wall being very thin. 
It becomes thickened in different degrees at different jdaces, most 
so at the upper and outer sides. The wall, thus thickened, pro- 
trudes at certain parts into the cavity, dividing and shaping it 
into parts or recesses which Anthropotomy calls ^ horns,’ from their 
curvature in Man. In lower Mammals the primitive cavity com- 
monly retains more of the general shape of the hemisphere, and in 
most Quadrumana, the lower more especially, the part accom- 
panying the broad supracerehellar expansion of the hcmisj)lierc is 
of corresponding capacity. The Orange among Apes, still shows 
the primitive character of this part of the ventricle: in the 
Chimpanzee and Gorilla the growing walls reduce and begin 
to shape it as a ‘horn,’ showing also a beginning of a protu- 
berance within it. In Arcliencephala the moulding of the ‘ pos- 
terior horn ’ is completed by the predominance of the internally 
protruding wall (‘ partic enroiilce,’ Leurct), to which, now, the 
term ‘hippocampus minor,’ or ‘pes hippocampi minor,’ rightly 
applies.^ The fibres of the stem, augmented in number at each 
accumulation of grey reuniting matter, diverge into and form 
the main part of the wall in greatest proportion in the Lyen^ 
cephala. 

The stem or ‘ crus ’ is formed by the prepyramidal tracts, fig. 66, 
p, the olivary tracts /*, the teretial and postpyramidal tracts, fig. 
49, Y, and so much of the cerebellar tracts, fig. 66, t, as may not 
liave been expended in the formation of the ‘ nates,’ h, ‘ testes,’ n, 

‘ geniculate bodies,’ y, and their common basis. Thus the crus 
or stem of the hemisphere includes tracts of themyelon, connected 
respectively with the sensory and motory roots of the nerves. 
The part of the ‘ crus prosenccphali,’ below or in front of tlie 
^ locus niger,’ consists of white fibres in a coarsely ‘ fasciculate ’ 
avrangement, fig. 123, di the part above, derived from the tere- 
tial, postpyramidal, and cerebellar tracts, is softer, with mixed 
grey matter, and forms the ‘ tegmentum,’ ib. c. The fasciculate 
fibres, after passing through and being reinforced by the grey 
matter of the striated body, diverge in curves, fig. 66, c, fig. 122, s, 

‘ The judicious and painstaking anatomist Gratiolbt seems to have foreseen some 
late misconceptions of the nature of the hind part of the primitive ventricular cavity 
in the Quadr^manous brain, in the following note ; — ‘ Toiitcfois, il ne pent ctre 
consid^re comme un signe CTeUvation^ car il est beaucoup plus grand en 6gard a la 
partie enroul^e du vcntricule dans Ics singes, ou son d^vcloppcment est 4norme, que 
duns rhomme, oii la partie enroulee Temporte 6videraracnt sur lui. Cette remarque,’ 
he justly adds, ‘ est d^uiic haute importance.* xl". vol. ii. p. 75. 
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of which many bend downward and outward, suggesting the term 
‘ fibrous ’ or ^ radiated ’ cone ; in Man they are traceable chiefly 
in the sylvian, postsylvian, entosylvian, supersylviaii, medilateral, 
medial, and marginal folds, and into the major part of those of the 
anterior lobe, fig. 122, a. The tegmental or posterior fibres are, 
in Man, more directly connected •^vith the transversely arched 



Dissection of cerebrum and cerebolUuu, from tbc outer side, xxxiir*. 


fibres of tlie great commissure : others, diverging to the posterior 
lobes, S, become connected or continuous with the longitudinal 
commissural system of the fornix. Figure 123 is a dissection of the 
inner surface of the hemisphere. C is the section of the corpus 
callosum, the fibres of which diverge upon the roof of the ventricle, 
intersecting the radiating fibres, fig. 122, 5, and passing into all 
the folds, which are thus brought into communication with those 
of the opposite hemisphere. The fibres of the ^ callosal ’ fold, 
fig. 123, Oy are chiefly longitudinal, are continued behind, into 
those of the hippocampus, and in front into those extending from 
the fornix upon the falcial surface of the anterior lobe ; externally 
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they form the ^ superior longitudinal commissure/ fig. 122, o ; and 
fibres are traceable from both extremities to the ^ perforated space/ 
figs. 82, 120, X. The dissection, fig. 122, shows also the longitu- 
dinal fibres extending from the anterior to the inferior and poste- 
rior lobes, and forming the ^ external longitudinal commissure,’ <?, 
above which are seen part of thft radiating fibres, 5, interlacing witli 
those of the corpus callosum, c ; which is overarched by the outer- 
most of the suj)orioi\ Joiigitudiiml commissural fibres, o. Above 



Disacction of the left hemisphere of the brain, from the Inner side, xxxiu” . 


these arc shown the fibres which mainly form the convolutions, but 
which include not only the ‘ radiating ’ fibres, but those of the 
^ transversely commissural’ and ^longitudinally commissural’ kinds; 
they terminate in or blend with the grey matter which forms the 
outer crust of the hemisphere. In a section of this substance in a 
recent brain, a white line is seen to separate it into two layers, as 
in fig. 124. More closely scrutinised, the following strata have 
been defined from the surface downward : — a thin superficial white 
layer, a thick reddish grey layer, the intermediate white layer, a 
thicker grey layer, a third thin white layer, and the deepest grey 
layer receiving the radiating fibres of the white or medullary cere- 
bral ncurine.' 


' In the contemporary Ilcports of my Ilantcrian Course of Lectures, 1842 , the 
chief conclusions of the compavatWe anatomy , of the superficial grey substance in 
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The anterior commissure — the most constant of the trans- 
verse system — is relatively largest in Ly encephala, figs. 69, 
73, e. In the human brain a similar transverse section of it 
shows its insignificant dimensions, fig. 123, a. Traced trans- 
versely, in them, it passes, as in a special canal, across the lower 
part of the corpora striata, bends* backward, and expands as it 
radiates into the middle of each hemi- 
sphere. It indicates the small part of 
the human cerebrum which is homolo- 
gous with the main part of that of birds 
and marsupials. But the increase of 
the mammalian over the avian brain 
begets the added structures for asso- 
ciation of added parts, already de- 
sci'ibed. In Man, each anterior pillar 
of the fornix, after leaving the ‘ tha- 
lamus,’ descends and is bent upon itself 
before ascending, the bend projecting 
at the base of the brain, behind tlie 
^ infundibulum,’ as the ^ corpus albi- 
cans,’ or ^mammillare,’ fig. 128, 

In the Lisseneephala, where a corpus callosum is first esta- 
blished, it might seem, in a dissection from below, that the outer 
fibres of the ^ radiating cone ’ curved over the lateral ventricle, 
and were constricted lengthwise as they ran into each other 
across the interhemispheral fissure, as in the dissection of the 
Beaver’s brain, fig. 78 : but it is deceptive. There is no actual 
continuity of any of the ascending radiating fibres of the crus 
cerebri with those which spread out in transverse curves from the 
corpus callosum. The two systems are everywhere closely inter- 
laced; but the fibrous character of the commissural series is lost. 



Section of grey and white neuriiic of 
proseucepliallc convolutions. Man, 


mammalian brains was summarised by the Reporter for the ‘ Medical Times/ as fol- 
lows : — ‘A symmetrical arrangement, more or less regular or complex, can always be 
traced between the foldings of the two hemispheres, and the more regular in propor- 
tion to the simplicity of the convolutions : the foldings of the cerebral substance 
lollow likewise, both in the embryonic development of a complex brain, and in the 
progressive permanent stages presented by the mammalian scries, a regular determi- 
nate law: some convolutions being more constant than others:, and these being trace- 
able through the greatest number of brains, and recognisable even in the human 
brain, wlierc, at first sight, they are obscured by so many accessory convolutions.’ 
‘ The Lecturer then demonstrated, in a considerable number of prepared brains of 
different animals, and in a large scries of diagrams, in which the corresponding con- 
volutions in the brains of different animals were marked by the same colours, the 
facts establishing this important generalisation.* — The Medical Times, Nov. 12, 1842, 
vol. vii. p. 101. Report of 13lh Lecture, delivered May 16th, 1842. 
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under the mieroscope, before it quits the ventricular wall to 
descend, with the radiating fibres, into the crus. From this 
stage in the mammalian series the great transverse commissure 
grows with the growth and complexity of the hemisphere. It 
consists mainly of white or fibrous neurine, but some grey matter 
(^nucleus lenticulari8’)is superadded to the inferior fibres external 
to the radiated cone, and between this and the ^ island of Reil ’ 
there is also a thin layer of grey neurine nucleus tienite- 
formis ’). 

Always maintaining its closest connection with the part of the 
fornix called ^lyra,’ or hippocampal commissure, whence its 
development began, the increasing body of transverse fibres 
extends forward and upward, with a bend or ^ genu,’ fig. 123, c, o, 
corresponding in extent with elevation and expansion of the front 
Jobes of tJie cerebrum. In JVIan its narrow anterior beginning is 
connected by the ^Ifiniina cinevea ’ with the optic commissure, 
receives a small part of the grey substance of the thalamus, and 
sends off two bands, called ^ peduncles of the corpus callosum,’ 
which, diverging, pass backward across the ^perforated s])ace ’ to 
the lower part of the sylvian fold. The corpus callosum, expand- 
ing as it rises, bends backward, and presents on its upper surface 
a medial longitudinal groove, called ^ raphe,’ bounded laterally by 
the white ^ strias longitudinal es: ’ it terminates behind in a slightly 
down-bent, thickened, free border or ^ pad.’ Some way in advance 
of this the attachment of the under surface of the corpus callosum 
to the fornix begins, and, as the hemispheres increase in the pla- 
cental series, so does the extent of the filmy inner walls of the 
lateral ventricles septum lucidum,’ Anthro.,fig. 123, d) between 
the body of the fornix and the great superadded transverse com- 
missure, the fibres of which extend over the roof of those ventricles. 
The most intelligible illustrations of the comparative anatomy of 
this interesting part of the cerebral structure is obtained by dis- 
secting and exposing the lateral ventricle from the outer side, as 
in the views of the brains of the Opossum, Kangaroo, and Ass, 
showing the relative proportions of the hippocampus, and of the 
part of the inner Avail distinct therefrom, called ^ septum lucidum,’ 
in Lxx', pi. vii. In fig. 5, the vascular fold of pia mater called 
‘ choroid plexus ’ is shown passing beneath the fore part of the 
^ taenia hippocampi ’ through the canal of communication between 
the lateral* ventricles, in both marsupial and placental brains. 
The supraventricular neurine, being folded upon its stem, the 
cavity is a reflection of the external surface, and is lined by a 
continuation of the pia mater, although the fissure by which it 
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enters the ^ ventricle ’ becomes contracted to a very small extent 
of the base exterior to the crus. From this point begins the fold 
extending, as ^ choroid plexus,’ from one ventricle to the other by 
the fissure. called ^foramen Monroianum ’ in Anthropotomy. On 
the interior surface of the hemisphere the pia mater is reduced to 
an epithelium, the cells of which are less flat in the lateral ven- 
tricles than in that continuation therefrom called ‘ third ventricle.’ 
The part of the interhemispheral fissure overarched by the great 
transverse commissure is the ^ fifth ventricle.’ For other dif- 
ferentiated and definite parts in the archencephalous brain — 
the subjects of the ^bizarre’ nomenclature of Anthropotomy — 
reference may be made to the minute and exact monographs 
which have been published on that part of the human structure. 

§ 209. Size of Brain . — The brain grows more rapidly than the 
body, and is larger in proportion thereto at birth than at full 
growth. But there is a difference in this respect in different 
Mammalian orders. The brain of the new-born Marsupial is less 
developed relatively than in higher Mammals, and grows more 
gradually or equally with the subsequent growth of the body.' 
So, in the degree in which a species retains the immature character 
of dwa^shness, the brain is relatively larger to the body : it is as 
1 to 25 in the pygmy Petaurist, but is as 1 to 800 in the Great 
Kangaroo ; it is as 1 to 20 in the Harvest Mouse, but is as 1 to 
300 in the Capybara; it is as 1 to 60 in the little two-toed 
Ant-eater, and is as 1 to 500 in the Great Ant-eater. The 
brain weighs 6 grains in the Harvest Mouse {Mus messorius)^ 
and the same in the Common Mouse (^Mus musculus)\ but the 
weight of the Harvest Mouse is 112 grains, whilst that of the 
Common Mouse is 327 grains. The brain of a Porpoise, 4 feet 
long, may weigh 1 lb. avoird. ; that of a Whale {Balmnoptera) 100 
feet in length does not exceed 4 lbs. avoird.^ In Artiodactyles the 
brain of a pygmy Chevrotain ( Tragulus pygmeeus) is to the body 
as 1 to 80; in the Giraffe® it is as 1 to 800. In Perissodactyles 
the brain of the Hyrax is as 1 to 95, whilst that of the Indian 
Rhinoceros is as 1 to 764.'* The brain of the Elephant may be 
three times heavier than that of the Rhinoceros, but a full-grown 
male would probably weigh down four Rhinoceroses. In Car- 
nivora the brain of the Weasel is to the body as 1 to 90 ; in the 
Grisly Bear it is as 1 to 500 ; in Quadrumana the brain of the 

to 

* Lxxv', p. 347, pi. vii. figs. 9-12. 

® ScoRESBY, in a Balesna wystlcetus of 65 feet in length, found the weight of the 
brain to be 3 lbs. 12 oz. 

■ XCVII*. 
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Midas Marmoset is to the body as 1 to 20 ; in the Gorilla it is as 
1 to 200. 

But such ratios do not show the grade of cerebral organisation 
in the Mammalian class : that in the Kangaroo is higher than 
that in the Bird, though the brain of a Sparrow be much larger in 
proportional size to the body : and the Kangaroo’s brain is superior 
in superficial folding and extent of grey cerebral surface to that of 
the Petaurist. The brain of the Elephant bears a less proportion 
to the body than that of Opossums, Mice, and proboscidian Shrews, 
but it is more complex in structure, more convolute in surface, and 
'vvith proportions of pros- to mes-encephalon much more nearly 
those in the human brain. The like remark applies to all the 
other instances above cited. 

The weight of the brain, without its membranes, in a full- 
grown male Gorilla is 15 oz. avoird. I estimate that of the entire 
body as being nearly 200 lbs. : in the relatively larger brains of 
the small species of Quadrumana the convolutions are fewer, or 
may be absent, as in Midas. 

In Man alone is a bulk of body, greater than in any Quadru- 
mana save Gorilla, associated Mith a large size as as with flie 
highest stage of complexity of the cerebral organ. I'his is, 
perhaps, the most notable and significant fact in Comparative 
Anatomy. 

The weight of the brain in the adult male averages about 
49 oz. avoird., and ranges from about 35 oz. to 65 oz. In the 
adult female the weight of the brain averages about 43 oz. 
and a half, and ranges from 32 to 54 oz. The mean difference 
is thus about five ounces and a quarter. The brain has advanced 
to near its term of size at about ten years, but it does not usu- 
ally obtain its full development till between twenty and thirty 
years of age, and undergoes a slight decline in weight in advanced 
life.* 

The brain, without dura mater, of an Australian female, of 
5 feet 3 inches high, weighed 32 oz. ; that of a Bushwoman, 

5 feet high, is estimated, in liii'V at 30*75 oz. In European 
females the brain has been found as low in size ^ but the requisite 
observations to determine the range and the average of cerebral 
development have hitherto been made only on Europeans.^ The 
weight of the, brain of the male Hottentot, 3 lbs. 2 oz. avoird., 
dissected by Wyman,^ encourages the expectation of analon-ous 

> If the capacity of a cranium in cubic inches be ascertained, a fair and instructive 
notion of the weight of the brain may be obtained by estimating tliat of a cubic inch 
of it at 2r)t) r)7 grains. ^ / a i/', i.xi". * lmjj" 
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results. The human brain is exceeded in weight by that of the 
Elephant and the Whale, but is absolutely heavier than in all 
other animals. In the proportionate size of the cerebrum to the 
cerebellum the human brain surpasses that of all Mammalia : it is 
as 8 to 1. 

The brain in some individuals distinguished for intellectual 
power has been found of unusual size, and remarkable for the 
number and depth of the cerebral convolutions: the brain of 
Cuvier weighed upwards of 64 oz. The superficies of the 
cerebrum of the mathematician Gauss was estimated by Wagner 
at 341 square inches, while that of an ordinary wage-man was 
291 inches. 

We know not the size of brain in the Melanian inventor of the 
^ throwing-stick,’ or of that of the deductive observer of the pro- 
perties of the broken branch bent at the angle of the ^ boomerang.’ 
Such benefactors of their race were, perhaps, as superior to ordi- 
nary Australians in cerebral development, as the analogous rare 
exceptions in intellectual power have been found to be among 
Europeans.' 

§ 210. Membranes of the Brain * — The encephalon, like the 
myelon, is immediately invested by an areolo-vascular tunic 
called ^pia mater:’ it adheres to and follows all the oldings of 
the surface, is continued into the ventricles, and there forms 
procesg^es called ^ velum interpositura’ and ^choroid plexus.’ It is 
the area on which the vessels undergo the requisite degree of 
diminution for penetrating the cerebral substance ; and, when with- 
drawn, the proportion of such vessels pulled out of that substance 
gives the flocculent appearance of the inner surface of the mem- 
brane which Anthropotomy calls ^ tomentum cerebri.’ 

The movements of the brain are served by a delicate serous 
sac, called the ^arachnoid.’ The outermost membrane, called 
‘ dura mater,’ adheres to the inner surface of the cranium, and 
consists of a dense inelastic fibrous tissue. It sends a process 
or duplicature inwards between the cerebrum and cerebellum 
called tentorium,’ and a second between the cerebral hemi- 
spheres called ‘falx.’ In the Ornithorhyiichus a bony plate 
extends from the cranium into the falx (vol. ii. p. 323, fig. 
204, b). a ridge of bone extends a short way into the ten- 
torium in some marsupials : it is thin in Kangaroos and Phalangers, 
thick in Thylacines, but of less extent here than in the Wolf, 
(vol. ii. p. 504). In the Cachalot a bony plate projects from the 

* Tables of size and weight of Mammalian brains will be found in xir, xli", 
xxxii". 

VOL. Ill, L 
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superoccipital into the back part of the falx^ : the tentorium re- 
ceives a bony plate in many DelphiniJ^ In Seals both the tento- 
rium and hind part of the falx are ossified, and a thick ridge 
enters the fore and under part of the falx between the rhincnce- 
phalic fossfe. The tentorium is ossified in the Carnivora to the 
extent, and in the families, noted in vol. ii., where the conditions 
of such bony plate are discussed at p. 506.® A short tentorial 
ridge projects anterior to the cerebellar fossa of the petrosal in 
Lemur macaco ^ The tentorial margin of the petrosal is slightly 
produced in Cehus, and to a greater extent in Ateles, In other 
Quadrumana, as in Man, the sole ossification co-extended with any 
part of the dura mater is that called ^ crista galli ’ in Anthropo- 
tomy. An unossified process from the middle of the posterior 
border of the tentorium, extending from the internal occipital crest, 
projects into the notch between the hemispheres of the human 
cerebellum, and is termed ^ falx minor ’ and ^ falx cerebclli.’ 

§ 211. Nerves of Mammals. — The olfactory nerves are absent 
in all the Cetacea save those with baleen, in which they are few 
and small ; they are present in all other Mammals, and are sent oft 
in greater number from their cerebral centre — the rhincncephalon 
— than in lower Vertebrate classes.® The Ornithorhynchus is the 

» XLIV. p. 442. * Ib. No, 2500, p. 453. 

* A more extensive series of comparisons of the interior of the skull has tended fo 

rectify the physiological view entertained at the period of the publication of the 
posthumous edition of the ‘ Le 9 ons d* Anatomic Comparcc,’ of Cuvier, vol. ii. p. 290 ; 
vol. iii. p. 155. * XLIV. p. 722. 

* Anthropotomists still describe the connections and course of the * crura rhinen- 
cephali’ as the origins of the olfactory nerve ; although they recognise that, ‘unlike 
other nerves, a large proportion of grey matter is mixed with the white fibres,’ &c, 
(lxii". vol. ii. p. 583, 1866), and might rectify the notion by many weightier 
anatomical conditions. Some even maintain the view by such remarks as the 
following : ‘ As it is known that in the first development of the ear the periplieral 
part or vestibular expanse, as well as the rest of the acoustic nerve, is originally 
formed by the extension of a.hollow vesicle from the first or hindmost foetal encephalic 
compartment, so in the case of the crus cerebri, although the peripheral or distributed 
part (crus rhincncephali or olfactory nerve) is of separate origin from the hemispheric 
bulb, this latter part is comparable in its origin with the acoustic vesicle.’ I have 
paraphrased the argument of the editors of Lxii" (vol. ii. p. 584), to show that 
development, as a vesicle in connection with nervous centres, is no ground of homology 
or homotypy. V\rhenever a false homology has to be maintained, the earliest and 
obscurest phenomena of embryonal development are usually resorted to in support of 
such view. 

The terminal expansion of the acoustic nerve is in an organ which begins as * a 
follicle or hollow vesicle;’ the terminal expansion of the optic nerve is also in a 
vesicle; and the true olfactory nerves expand terminally on what began as a follicle or 
vesicle, which form is retained, little altered, in Fishes. The vascular pituitary 
membrane supporting that expansion is the homotype of the choroid supporting the 
retina. No doubt the cerebellum is at first a vesicle, as is the optic lobe, and the 
hemisphere, and the olfactory lobe; and each may claim to bo regarded as the 
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sole known instance of the olfactory nerve quitting the skull by 
a single foramen, as in Birds and Lizards (z. e. one from each rhin- 
cncephalon). In the Echidna the contrast in the vast number 
of nerves and the concomitant extent of the ^ cribriform plate ’ is 
extraordinary. Those from the grey tract proceed to ^ Jacob- 
son’s organ,’ The number of olfactory nerves and extent of the 
pituitary surface on which they spread is very great in Marsupials. 
In the Insectivora the Hedgehog is most remarkable in this respect. 
Both Herbivorous and Carnivorous Gyrencephala have numerous 
olfactory nerves : some of the PhocidcR show this character in 
excess. The number of the olfactory nerves decreases, with the 
diminished size of the rhinencephalon, in Quadrumana^ up to Man, 
where they seldom exceed twenty in number, and are least in 
proportion to the size of the body. They become flattened and 
expanded where they spread upon the vascular pituitary mem- 
brane. 

The optic nerves are smallest in the Moles ( Talpa), largest in the 
Giraffe. They arise from the bigeminal bodies, chiefly from the 
nates and optic thalami, in Ly encephala and in some Lissence- 
phala^ to which origin are superadded in other Lissencephala and 
in and Archencephala^ fibres from the corpora geniculata, 

along the tract marked d, fig. 68. In the groups in which the eyes 
are relatively largest, Ungzdata and Rodentia, e. g., the larger 
pro23ortional size of the homologue of the optic lobes, fig. 68, a, is 
significant of its important relationship with the origin of the nerves 
of vision : the ^ thalami ’ do not show the like increase ; their larger 
size in Quadrumana and Bimana relates more to their function as 


recruiting ganglia of the prosencephalon. The optic nerves, never- 


theless, seem to be derived more 
wholly from the ^ thalami ’ in 
Man than in most lower Mam- 
mals, whence the Anthropoto- 
mical name of those parts. This 
character is shown in the foetal 
brain at the fourth month, fig, 
125, where c shows the optic 
tract quitting the thalamus, e : _ 
the optic lobe, has not yet 
undergone its subdivision into 


125 



111 of oi>tic nerves. Foetal brain at four months, 
ecu. 


* nates and testes.’ The liberated nerves bend downward and 


homotype of the eye-ball, on the ground taken, in lxii'' for viewing tlie olfactory 
bulbs as nerves, and not as encephalic lobes. The grand old anatomists had truer 
views of these * processes of the brain,’ as on some other points, than their successors 

L 2 
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forward, converging and meeting beneath the brain at their con- 
ffueacet, called • chiaama optioum/ a, b. The fasciculi of piim ^ 

Bhi'Gs nre here arranged as shown in tig. 
126. The outer on^s> 0^ pass onward to 
a outer side of the nerve a, the middle 

fasciculi cross the chiasma obliquely, and, 
decussating the corresponding fasciculi 
of the other tract, contribute ta the formation 
of the opposite nerve : the inner fasciculi 
^ curve across the back part of the chiasma, 

Optic chiasma; Mp'i. con. _ . • i i t 

and arc continuous with the corresponding 


fasciculi of the opposite tract, being strictly ^ commissural : ’ a 
similar arrangement prevails with a few fasciculi at the fore part 
of the chiasma. The hinder commissure is more common, and 


appears as a little tasnial border of the chiasma, in some Mammals, 
down to the rodents. Pathology gives evidence of a partial 

decussation, in some instances, 
as in the preparation, fig. 127 ; 
in which the right optic nerve, 
«, was atrophied ; the left one, 
ft, healthy; with a partially 
wasted left optic tract, c, while 
the right, d, retained more of 
its normal size.^ 

The Mammalian chiasma 
ceases to show the laminated 
arrangement (vol. ii. p. 122, 
fig. 47) common in Birds and 
Reptiles. The nerve, beyond 
the chiasma, has a strong neii- 

Atrophled right optic nerve and tract ; Human, ccii. i • i i ^ 

ri lemma, which sends processes 
from its inner surface : in some, e. g. Cetacea, converging as lon- 
gitudinal septa from the circumference to the centre of the nerve ; 
in niost forming longitudinal canals for the neurine, and giving it 
the character of a cylindrical aggregate of tubes. This is enclosed 
in a sheath of dura mater, extending to the sclerotic, into which 
it is partly continued, where the nerve pierces that coat of the 
eye-ball. Another peculiarity is seen in the small artery running 
along the centre of the nerve, and ramifying upon its terminal 
expansion as the ^ arteria centralis retina).’ 



* There hare been cases, however, where the tract of the same side as the atrophied 
nerve showed more wasting than that of the opposite side. 
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In some Marsupials the optic nerve grooves the orbito-sphenoid, 

escaping by a cleft continuous with the fissura lacera antenor : 
in higher Mammals the nerve escapes by a Special ‘foramen 
opticuin.’ The extra-cranial parts of the nerves are remarkably 
long in Whales,^ and in all Cetacea they diverge from the chiasma 

128 



Base of human brain, with origins of nerves ; half natural slse. 

at a wide angle, fig. 60, 2 , 2. This becomes less opdti as the 
Mammals rise to Man, fig. 128, d. 

The oculo-motor or ‘third’ nerve, fig. 60, 3; fig. 128, <?, and 

' XLIV. pp. 323 , 329 . “ XOIV. p- 387 . 
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the ^ fourth,’ fig. d, have the same origin, distribution, and 
connections with the sympathetic, as in Man. The branch of the 
^ third ’ nerve, which runs along the lower part of the eye-ball, 
between the ‘inferior’ and ‘external’ rectus muscles, and supplies 
the ‘obliquus inferior,’ is connected, usually by a short thick 
cord, with a ‘ lenticillar ganglion ; ’ but this is not so well defined 
in some Mammals, and the ciliary nerves are usually fewer than 
in. Man. The ‘ fourth ’ nerve supplies the ‘ obliquus superior ’ 
muscle. In the Sheejj this nerve receives some branches from the 
ophthalmic division of the ‘ fifth ’ nerve. Besides the ‘ rectus ex- 
ternus,’ the sixth nerve, fig. 128,j^ in most Mammals, supplies 
an additional muscle, tlie ‘ retractor ocull.’ The ‘ fifth ’ or ‘ tri- 
geminal’ nerve, fig. 128, c, c', is commonly the largest of the 
cerebral nerves, and resembles the myelonal nerves, fig. 136, in 
having a ganglionic, fig. 230, 9, lo, and a non-ganglionic, ib. ii, 
portion, the latter being ‘ motory,’ supplying muscles, the former 
distributed to sensitive and secerning surfaces. This distinc- 
tion is better marked in Mammals than in Birds and Reptiles : 
like which, however, the ganglion is single, not divided, as 
in most Fishes (vol. i. figs. 201, 202). The size of the ‘fifth’ 
nerve relates to the perfection or sensitiveness and apjdication 
of those surfaces, not to the proportion of the facial to the cranial 
part of the head. Thus we find the fifth or trigeminal nerve of 
largest relative size in the Ornithorhynchiift paradoxus, which 
uses, like the duck, its beak as a tactile instrument in the defetj- 
tion of its food. Emerging from the ganglion, fig. 51, d , anterior 
to the pons, ib. c, it soon divides into three branches, the first 
and second appearing as one. The first and smallest division 
divides into two equal branches : the superior or ethmoidal branch 
enters the nose, combines, in part, with the olfactory, for the 
service of the })ituitary membrane ; but mainly emerges from the 
nasal cavity, supplies the skin at the upper part of the face, and, 
by a branch continued from between the nasal and premaxillary 
bones, is distributed to the nostrils and contiguous integument. 
The second division of the fifth is two lines broad and one line 
and a half thick : after emerging by the foramen rotundum, the 
chief part of it passes through the ant-orbital canal, and divides 
into two branches, distributed, the one to the nasal or upper 
parietes of the face, the other to the lateral or labial integuments. 
The palatine branch divides into a posterior smaller nerve, which 
passes through the posterior palatine foramen : the anterior and 
larger branch emerges from the anterior palatine canal, and supplies 
J acobson’s organ at the floor of the nose and the palatine membrane. 
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The third division of the fifth is broader but thinner than the 
second ; it leaves the cranium by the foramen ovale, and is distri- 
buted as usual, mainly to the sensitive labial Integument of the 
lower jaw, fig. 3, a, a : its non-ganglionic part goes to the mandu- 
catory muscles. 

In the Echidna the trigeminal is of smaller size, and its first 
and second divisions are much less in proportion to the thirds 
which suj^plics, from its ganglionic part, the sensitive and secreting 
surface ot* the long tongue. This size of the lingual branch of 
the trigeminal is still more marked in the Pangolins and Ant- 
eaters, especially in Myrrnecophaga juhata. A distinct gustatory 
nerve, communicating with a motory ^ facial ’ nerve by a ^ chorda 
tympani,’ is a mammalian characteristic of the trigeminal. In the 
Hedgehog the nasal branch is the largest of the first division: 
after dismissing a few ciliary nerves it quits the orbit and enters 
its special canal at the fore part of the large cribriform plate, and 
divides on entering the nasal cavity into the external and septal 
branches, the latter being the largest, and richly spread upon the 
pituitary membrane of the septum and inferior turbinal. The 


129 



bulbs of the vibrissas in the Hedgehog and other Insectlvora use a 
large proportion of the facial branches of the maxillary and man- 
dibular divisions of the fifth. In Rodents the dental branches of 
these divisions are large, and especially the nerves sent therefrom 
to the active and persistent pulps of the scalpriform incisors ; and 
they show, especially in the mandible, a recurrent course, as I 
found in the dissection of the Porcupine, fig. 129, The nasal 
and labial nerves are large in Moles and Shrews, especially the 
long-snouted kind {Rhynchocyon), But the chief peculiarity of 


* XX. Yol. i. p. 103, prep. no. 357b. 



152 


ANATOMY OF VERTEBRATES. 


the trigeminal in Talpid (2 is the share which the ophthalmic divi- 
sion of the ^ fiftli ’ takes in the function of tlie reduced eye-ball, as 
a Warner of light. In fig. 130, a is the trige- 
minal, b the ganglionic part, c the third or 
mandibular division, f the second or maxillary 
division, d the first or ophthalmic division, of 
which the branch going to the eye, e, is large, 
while that going to the nose, is small, 
reversing' the proportions in the Hedgehog. 
In many Lissencephala the part to which the 
root of the trigeminal can be traced makes a 
small prominence on each side the fore end of 
the ^ calamus scriptorius.’ In the Elephant 
the superorbital and superficial nasal branches 
of the ‘first ’ division, but more especially the 
‘ facial ’ branch of the ‘ second ’ division, which 
emerges from the antorbital foramen, present 
a large size in relation to the proboscis. The 
size of that foramen is not, however, always 
indicative of that of the nerve. In many 
Jlodentia a part of the masseter traverses, 
with the antorbital nerve, the foramen in 
question, which is, then, enormous, as in 
figs. 234, 238, 241, v (vol. ii. p. 377). The dentary branch of the 
maxillary exceeds that of the mandibular division of the fifth in 
the Elephant, to meet the demands of the persistent matrix of the 
tusk. But this difference in the size of the nerves supplying the 
upper and lower jaws is maximised in the Balmiidce, in relation to 
the active and extensive growth of baleen in the upper jaw, and the 
absence of teeth or their substitutes in the lower jaw. The palatine 
nerves supplying the baleen-pulps are as thick as the finger in 
BalcBna mysticetus. In the Porpoise {Phoccena) an orbital branch 
joins a plexus near the fore part of the orifice of the eye-lids, sent off 
from the ‘ seventh ’ or facial nerve, from which union branches pass 
to the muscles and membrane of the blow-hole. The maxillary 
branch sends off a ‘ subcutaneus malas,’ which combines with the 
facial nerves to supply the inferior palpebral muscle, and spread 
upon the hind part of the palpebral opening. There are five or 
six antorbital branches which run forward between the maxillary 
periosteum and the superincumbent muscular and tegumentary 
layer, emerging to spread upon the latter where it forms the 
upper lip or margin of the mouth, and also sending a recurrent 
branch to the blow-hole. A large branch of the maxillary passes 
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through the foramen near the upper opening of the nasal passage, 
and ramifies upon the plicated membranes of the blow-hole. The 
dental nerves are large from both maxillary and mandibular 
divisions of the fifth : the gustatory branch is, relatively, small ; 
and sends off a filamentary * chorda tympani,’ which may be traced 
to the trunk of the facial, and is connected, in its course, with the 
carotid plexus of the sympathetic. 

In Ruminantia the first division of the ^ fifth ’ subdivides into 
frontal and nasal : the latter supplies the upper part of the 
septum and the superior turbinal, and sends a few branches to 
the fore part of the nose, which meet these filaments reflected 
from the second division of the fifth. The branches to the 
lacrymal and harderian glands, to the eyelids, and the larger 
one which passes out of the orbit to the integuments of the 
temple, and which chiefly supplies the horn-core, or the growing 
antler, may be traced back distinctly to the Gasserian ganglion. 
The second division of the fifth, escaping by the foramen ro- 
tundum, sends antorbital branches to supply the upper lip, tlie 
nostril, and the pituitary membrane at the lower part of the 
nose. It also sends off* the lateral nasal, receiving the ^ vidian ’ 
nerve, and supplying the inferior turbinal ; lastly, the ^ ’ 

and upper dental nerves. The ganglionic part of the third 
division gives off* the ^ buccal nerve,’ connected with an ^ otic 
ganglion,’ supplying the superficial muscles and skin behind the 
angle of the mouth, and communicating with branches of tlie 
^ seventh ’ or facial nerve ; the large branch dividing into the 
inferior dental and gustatory nerves, the latter receiving the 
^chorda tympani:’ lastly, the external auricular, passing behind 
the mandibular ramus, joining the middle branch of the ^ seventh,’ 
and supplying the muscles of the car, but mainly distributed to 
its sensitive surface.^ The non-ganglionic part of the fifth 
supplies the temporal, masseter, and pterygoid muscles, also the 
mylohyoid and anterior part of the occipito-hyoid or digastric : 
the part going to the otic ganglion is continued therefrom to tlie 
internal pterygoid and to the muscles of the soft palate. A 
ganglion called ^ submaxillary ’ and situated near the deeper part 
of the gland so named, is connected by filaments with the gusta- 
tory nerve. 

In Swan’s dissection of the cerebral nerves of the jaguar he 
found the superior nasal sending a branch to join the one from 
the lenticular ganglion to form ciliary nerves, and then pass 
forward to send one branch into the nose and another to the skin 
* See dissection of the trigeminal of Bos, in liv, i>1. xxxii. %. 3. 
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at the inner angle of the eye. Tlie naso-palatine received the 
vidian nerve, and the ^ spheno-palatine ’ ganglionic enlargement Avas 
conspicuous at the junction J The largest portion ot tlic maxillo- 
dental nerve supplied the great canine tooth. The gustatory ner\ (' 
gave a branch to tlie lining membrane of the mouth and passed 
forward dividino* into branches Avhicli communicated Avith tlu‘ 

o 

^ ninth’ in their course to the surface of the tongue. 

Such Quadniviana as have been dissected Avith this view shoAv 
all the main characters, connections, and accessory ganglions, ol 
the fifth, which are so fully described in late Avorks on the anatomy 
of Man. The apparent origin or place of emergence of the fifth 
nerve is at the middle ^crus’ of the cerebellum, fig. 128, c, e. 
The smaller, or non-ganglionic root /, being sometimes divided 
by a fcAV of the commissural or ^ crural ’ fibres from the larger 
portion e. This, fig. 131, lo, contracts as it goes into the sub- 
stance of the macromyclon, and may be traced to behind the oli- 
vary body, ib. 3, Avhere it is continu- 
ous Avith the terctial and restiform 
columns, and apparently Avith the 
grey matter, fig. 57, g* The motor 
root, fig. 131, ii', passes into the 
macromyclon anterior to the sensoiy 
root, and seems to go, in part at 
least, to the prcpyramidal tract; but 
Stilling traces it to grey matter at 
the floor of the fourth ventricle. 
The recession of the non-jranjrl ionic 
from the ganglionic roots as they 
sink into the macromyelonal sub- 
stance is more patent in some Fishes 
(vol. i. p. 302). 

Hunter’s dissection of the human 
trigeminal (xcLiv. p. 189, in 1754), 
in which he discovered, independently 
of Cotumnius^\!t\Q nasopalatine branch, 
led him to enunciate the important 
principle that nerves from distinct 
origins, supplying a particular organ, 
give it distinct faculties. The nose 
receives the endowment of smell from its peculiar nerve— the 

uv. pi. xxxi. fig, 3, 5. Swan also shows it in the calf, pi. xxxvi. fig. 3, u 
Alcook found the spheno-palatine ganglion in a rabbit, dog and horse, as well L in 
the cat and cow. ccviii. p. 286. 
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olfactory : ^ the other nerves of this part, derived from other 
origins, only conveying common sensation.’ ^ It is U 2 )on this 
priiKnjdc tlic fifth pair of nerves may be supposed to supply 
the eye and nose in common with other parts, and uj)on the same 
jninciple it is more than probable, that every nerve so affected as 
to communicate sensation, in whatever part of the nerve the iin- 
])ression is made, always gives the same sensation as if affected 
at the common scat of sensation of that particular nerve,’ ib. 
p. 190.* 

The nerve whicli is homologous with tlie ^ ramus opercularis 
sen facialis,’ and some other branches of the non-ganglionic j>art 
of the ‘ fifth,’ in Fishes (vol. i. p. 303), is more distinct in its 
origin, at least ks ap])arent one, in Mammals, and is reckoned in 
Anthro])otomy as a sej^arate cerebral nerve, under the name of 
‘ facial,’ or as a part, ‘ portio dura,’ of the ^ seventh pair,’ with 
which it has less real relation or connection than with the fifth. 
It is essentially the complementary j)roi)ortion of tlie motory or 
non-ganglionic ]mrt of that great myelonal nerve of the head. 
Tn fig. 131 is shown the jmint, behind the olivary .tract, wdicre 
the facial, 16, diverges from the smaller portion of the motor 
division accomjianying the sensory division of the trigeminal: 
its angle of divergence is wide, and its place of emergence is 
l)ehin(l the ^ pons,’ close to that of the acoustic nerve, fig. 128, g. 
It enters, therewith, the internal auditory foramen, leaves the 
acoustic to enter its (mn canal in the i)etrosal, called ^ aqueduct 
of Falhqnus’ in Anthro 2 X)tomy, passes downward behind the 
tym])anic bone (as in Birds), and emerges by a foramen called 
^ stylo-mastoid.’ The facial nerve supplies the muscles of the 
mouth, nose, eyelids, ear-conchs, and the cutaneous muscles of 
the head and beginning of the neck. In the Porj^oise, the facitll 
nerve, on quitting the petrosal, gives small branches to the 
cutaneous muscular layer of the ear- 02 )ening and j^arts behind, 
communicating with filaments of the cervical nerves : a branch 
ramifies on the mylohyoid muscle. From the trunk of the facial 
a slender nerve passes to above the mandibular joint, then bends 
forward, enters into, and receives a filament from, a sympathetic 
l)lcxus, and quits it to join the third division of the fifth : this 
answers to the ‘ chorda tympani.’ The trunk of the facial is, 

* One of the observations and experiments on which Hunter founded this conclu- 
sion, is given, in Latin, by Sir C. Bell, in his original Essay, Lxiv", p. i 1 (1811). So, 
also. Sir Charles writes: — ‘ The key to the natural system of the nerves will be found 
in the- simple proposition, that each filament or tract of nervous matter has its pecu- 
liar endowments independently of the others which are bound up along with it, and 
that it continues to have the same endowment throughout its whole lengih/ lxv", p. 70. 
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then, continued forward, superficially, along the slender jugal 
bone, toward the eye-opening, supplies the ^ angularis oculi pos- 
ticus,’ and the muscles of the under eyelid: in advance of this it 
supplies the ^ angularis oculi extcrnus,’ and forms a large plexus, in 
connection with branches of the trigeminal. From the plexus pass 
filaments to the muscles of the blow-hole and its plicated sacs. 

In Mammals with a well developed parotid the facial traverses 
that gland; it divides there into three principal branches in the 
Calf^ and Dog;^ whilst in the Hog, the trunk is continued 
forward to near the fore part of the masseter, before dividing into 
maxillary and mandibular portions, and the auriculo-palpcbral 
branches come off more separately from the long trunk. In 
Quadrunianay as in Man, the chief branching of*the trunk takes 
place at the hind margin of the masseter after the post-auricular 
nerve is sent off : from the upper of the main divisions pass the 
nerves to the temple and eyelids as well as to the nose and u])pcr 
lip. A slight enlargement of the facial near its entry into the 
^fallopian aqueduct’ — its petrosal canal — is called ^geniculate 
ganglion,’ which receives a petrosal branch of the vidian nerve, 
and one from the superficial petrosal which unites the otic gan- 
glion with the tympanic nerve. Prior to the ganglion the facial 
is connected by one or two filaments with the acoustic nerve : be- 
yond the ganglion it receives a petrosal filament of the sympathetic. 
The ^ chorda tympani,’ fig. 259, c, leaves the trunk of the facial 
before it quits its canal, enters the tympanum, crossing the tym- 
panic bone and the ear-drum, behind the handle of the malleus, 5, 
to emerge by an aperture at the inner end of the ‘ glaserian 
fissure :’ then passing downward and forward it joins the gusta- 
tory. In the Horse and Calf I traced, in 1836,^ the superficial 
petrosal branch, or backward continuation of the vidian nerve, 
fig. 132, h, into the seventh, penetrating its sheath, but remaining 
distinct, and separating into many filaments, ib. h, with whicli 
filaments of the seventh nerve, ib. 5, are blended, and a 
ganglion formed, ib. g, by the superaddition of grey matter ; the 
chorda tympani, ib. m, is here continued partly from this ganglion, 
partly from the seventh or portio dura, ib. 6. I did not at that 
time distinguish the fasciculus, 5, called ^ portio intermedia ’ of 
the facial from the main trunk, a. The chief point, however, as 
to the ‘ chorda tympani’ not being a branch of that main trunk 

* Liv. pi. XXX. fig. 3. 2 Ib. fig. 2. 

® In reference to the expression of Hunter, relative to the chorda tympani, ‘ I am 
almost certain it is not a branch of the seventh pair of nerves, but the last described 
branch from the fifth pair.* xciv. (1837) p. 194, and * Note a* 
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of the facial, receives corroboration from the special researches of 
Morganti ^ into this intricate and difficult part of neurotomy. 

In the subjoined diagram of the 
result of his dissections, fig. 132, the 
portio intermedia, &, is separated from 
the vestibular division of the acoustic 
c, and from the main trunk of the 
faciial a, with both of which it lies in 
close contact. The filament d connects 
h with c, and receives one from the 
latter. Two filaments e connect the 
‘ intermediate’ with the main portion 
of the facial, «. Tlie intermediate 
portion is resolved into filaments, 
before joining the ganglion, <j^ the 
nature of the ^ grey or ash-colourcd 
tissue ’ of which lias been established 
by the microscopic demonstration of 
the ^ ganglion-corpuscles’ (lxvi", p. 549). Witli this ganglion 
are connected the superficial petrosal branch of the vidian, /t, from 
the spheno-palatine ganglion, and the smaller 
nerve, z, from the ^ otic ganglion :’ filaments 
Z, from the facial, < 2 , and the chorda tympani, m, 

Morganti, however, traces a filament n to that 
nerve directly from the facial. 

In the Sheep, fig. 133, the ^portio inter- 
media ’ Z>, is more closely connected, by with 
the acoustic nerve, c ; and sends a shorter and 
tliicker division to the ^ geniculate ’ ganglion 
by which it is more directly continued into 
the ^ vidian ’ branch e ; the ^ chorda tympani,’ /, being continued 
mainly from the ganglion, but also, in a smaller degree from the 
fixeial, a. The branch from the ^ portio intermedia,’ />, I described 
as the ^ vidian ’ crossing the ^ portio dura,’ a. 

The acoustic nerve, fig. 131, 15 , rises from the floor of the 
fourth ventricle, chiefly in connection with grey matter consti- 
tuting the ^ acoustic nucleus.’ The nerve consists of an anterior 
and posterior portion the course of wliich is more oblique in Man 
than in most Mammals owing to the great thickness of the cere- 
bellar crus, ib. 7. In the Cat the posterior root is very large, is 
a thickened band of fibre from the fusiform cells of the posterior 
portion of the nucleus; the band passes along the floor of the 

* LXX". 
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fourth ventricle, joining fasciculi from the cerebellar crus and 
those of the anterior root. This ^ consists of two portions, of 
which the chief penetrates the medulla beneath the restiform 
body and enters both parts of the acoustic nucleus : the other 
portion runs backward along the upper border of the restiform 
body, which it accompanies over the superior peduncle to the 
inferior vermiform process of the cerebellum.’ ^ The ^ flocculus,’ 
fig. 64, with which the acoustic nucleus is connected, is large 
in the Cat, the Aye-aye, the timid Rodents, and all the small 
Mammals with acute hearing ; it is relatively small in the Sheep 
and most Ungulates. 

The acoustic nerve quits its origin in contact with the facial, 
fig. 128, y, a small artery to the labyrinth runs between them: 
it takes a short course to the ‘ meatus internus,’ longer in Cetacea 
than in other Mammals, receives a filament or two from the 
intermediate part of the facial, figs. 132, 133, c?, on entering the 
meatus, and then divides. The j)art penetrating the fore half of 
the cribriform plate supplies the cochlea ; its large size is a mam- 
malian characteristic, and is most remarkable in the Cetacea : the 
posterior division, answering to the main part of the acoustic in 
lower Vertebrates, is spent upon the vestibule and semicircular 
canals. 

The eighth cerebral nerve, in anthropotomical enumeration, 
includes the three nerves called ‘ glosso-pharyngeal,’ ^ vagal,’ 
fig. 128, 4, and ^ spinal accessory,’ ib. /. The roots of the glosso- 
pharyngeal are traceable to a nucleus of grey matter at w, fig, 57. 
The vagal nuclei, ib. A, are forward (in Man upward) extensions 
of the grey or vesicular myelonal columns from which the spinal 
accessory rises : they lie on each side of the hypoglossal nuclei, 
ib. g, on the floor of the fourth ventricle, but are united by the 
commissure forming the roof of the central canal before this opens 
into the ventricle: higher up the vagal roots penetrate the 
' ^ caput cornu,’ like the posterior or dorsal myelonal roots. There 
is a partial decussation at the raphe. 

Both glosso-pharyngeal and vagal nerves emerge at the angle 
between the olivary and restiform tracts of the macromyelon, 
k, A, fig. 57, and are soon joined by the aggregate of the roots of 
the ^ spinal accessory : ’ these, commencing at about the fifth cer- 
vical, advance, between the dorsal roots of the cervical nerves 
and the ligamentum denticulatum, gathering successive slender 
accessions, all of which, originating as above defined, emerge at 
the dorsal border of the restiform tract. 

The glosso-pharyngeal is relatively smaller in Mammals than 

* xx". 
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in Birds (vol. ii. p. 124), is mainly distributed to the back part 
of the tongue and to the pharynx in all Mammals ; passing thence 
to the ^ flocculus ’ in its way to the jugular foramen, it rettiins its 
jiropcr fibrous sheath, and usually presents the two enlargements 
called ^jugular' and ^ petrous ’ ganglions, before emerging from 
the skull. From the petrous ganglion a filament enters the 
tympanum, where it joins a plexus from the sympathetic, and 
supplies the membrane continued into the eustachian tube. The 
pharyngeal branches are joined by filaments from the vagus and 
sympathetic to form the pharyngeal plexus. Filaments are sent 
to the tonsils and fore part of the epiglottis ; those to the tongue 
su[)ply the muscles at its base and the mucous membrane covering 
the base and sides of the tongue, some filaments terminating in 


the fossulatc papillae. 

In the Porpoise the glosso-pharyngeal divides at its exit from 
the skull into a smaller and larger branch. The former is dis- 
tributed to the sphincter of the lower or palatal part of the nasal 
canal, and unites there in a plexiform way with a branch of the 
vagus. The larger division supplies the palate and base of the 
tongue, and the muscles between the pyramidal larynx and the 
hyoid. Some filaments pass 
to the anterior ganglion of the 
sympathetic. 

The glosso-pharyngeal is fi- ^ 

gured, in Liv. pi. xxxi. fig. 2, f 

9 , and pi. xxxii. fig. 3, 22 
showing its communications 
with the ^ vagus ’ and sympa- 

thetic ; also ib. ib. fig. 3, JS / 

(^Fclis) showing connections 
Avitli the gustatory branch of 
the trigeminal. In 

from the human subject, the J 

emergence of the glosso-plia- 

ryngeal, 4, from the post-pyra- * . 

midal, c, and post-myelonal, ||||| 

tracts is shown at 2 : the petro- | 1 J) 

sal ganglion and connecting 011 ])/ 

filaments with that of the upper Orluins a»ul connoctlons of the constituents of tlic 

vagal ganglion at 8 and lo : ‘ .xvu'^ 


7 is the auricular branch of the vagus, 9 the ^ ramus anastomo- 
ticus of Jacobson, 13 the trunk of the glosso-pharyngeal. 

ihe vagus, fig. 134, 3, or ^ pneumogastric ’ from the important 
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organs — the lungs and stomach — which it supplies, sends branches 
also to the larynx, trachea, and heart As in other Vertebrates, 
it has the longest course, widest distribution, and most numerous 
connections, of any of the cerebral nerves; but is noted, in Mam- 
mals, by receiving the accessory nerve, ib. 5, n, 12, from a greater 
extent of the myelon : the recurrent branches of the vagus are 
more exclusively distributed to the trachea and larynx, and send 
a smaller supply of nerves to the oesophagus than in Birds or 
Reptiles. 

From the remarkable length of the neck of the Giraffe, the 
condition of the recurrent nerves attracted my attention in dis- 
secting that animal; they were readily distinguishable at the 
upper third of the trachea, but when sought for at their usual 
origin, this was less obvious. Each nerve was not due, as in the 
short-necked Mammals, to a single branch given off from the 
vagus, continued of uniform diameter round the contiguous great 
vessel and throughout their recurrent course, but it received 
several small filaments derived from the trunk of the vagus at 
different parts of its course along the neck.* Branches of the 
superior laryngeal nerve directly perforated, as in some other 
quadrupeds and in the Porpoise, the thyroid cartilage, and were 
joined, in a greater proportion than in Man, by branches of the 
recurrent, before distribution to the laryngeal muscles, of wliicli, 
however, the crico-thyroid owes its supply chiefly to the uj)pcr 
laryngeal and the rest to the rccurrents. In Qnadrumana, as in 
Man, the internal laryngeal perforates the thyrohyoid membrane 
at the interval between the hyoid bone and thyroid cartilage. 
The ui)per laryngeal is proportionally larger in the Orang, 
Chimpanzee, and Gorilla, and mainly supplies the capacious 
laryngeal sac in those apes. 

In the Porpoise the left recurrent winds round the end of tlie 
arch of the aorta, near the remains of the ductus arteriosus • 
the right recurrent winds round the subclavian immediately 
before the origin of the i)osterior thoracic : both recurrents send 
filaments to the oesophageal plexus from the sympathetic on their 
forward course to the larynx. After the origin of the recurrents, 
the vagal trunk sends off the cardiac branch, which,. uniting with 
sympathetic filaments, forms the plexus supplying thclicart. 
Next are sent off the nerves to the bronchial plexuses; finally 
the vagal trunks pass with the oesophagus through the diaphra'o-m, 
the left on the ventral, the right on the dorsal side, and coinWiie 


* xcvii'. 
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with branches from the sympathetic to supply the complex 
stomach and the numerous spleens. 

Most Mammals exhibit the grey enlargement of the vagus after 
its exit from the jugular foramen, but less distinctly divided into 
an upper, fig. 134, 6, and lower, ib. is, ganglion, than in Man. 
The principal branches — e. g. 7, auricular; lo, interganglionic ; 15, 
pharyngeal, deriving one filament, 16 , from the vagus, the other, 
17, from the ^ spinal accessory ; ’ 19, 20, superior laryngeal, the re- 
current, cardiac, pulmonary, oesophageal, and gastric — are the 
same as in Man, likewise their connections with contiguous 
nerves, and especially, as by the ^ filaments,’ 21, 22, with the upper 
sympathetic ganglion. 

The spinal accessory, besides its portion, ib. 11 , blending with 
the trunk of the vagus, distributes branches to the trapezius, 
masto-humcralis, and stcrno-maxillaris, in Ungulates; to the 
cleido-cucullaris and cleido-mastoideus, in Carnivores ; and to the 
trapezius and sternomastoid in Quadrumanes and Man. The 
condition of existence of a spinal accessory is not the extension 
of muscles from the skull to the thorax for the acts of respiration, 
but the general homology of the scapular arch as the haemal one 
of the occiput : accordingly the nerve is found in all V ertebrates ‘ ; 
and only when the development of the appendage of that arch 
calls for its displacement, and attracts for the manifold motive 
and sensitive requirements of the limb, successive nerve-bundles 
from the part of the myelon co-elongating with the neck, are the 
root-filaments of the ^ accessory ’ drawn down beyond their 
normal, iiitercranial, place of origin, as at 5, 5, fig. 134. 

The macromy clonal, by some called ^ respiratory,’ centres, to 
which the origins of the several divisions of the * eighth pair’ 
have been traced, are connected by means of longitudinal fasciculi 
and cell-columns, continuous with those in the cervico-dorsal 
regions of the myelon, with the trigeminal nerves, and with both 
anterior (lower and middle roots of the ^ accessory’) and posterior 
cornua of the myclonal grey matter, fig. 40, y, h : thus minis- 
tering to a series of motions, both direct and reflex, of high 
importance. 

The roots of the ninth or hypoglossal nerve may be traced to 
groups of nerve-cells in front of the central canal, ib. just 
above the upper cervical nerves, apparently a continuation of the 
cell-columns from which the ventral or motor roots of tlie spinal 
nerves arise : some of the roots decussate at the raphe, but most 

* For the homoloj^ue of this nerve, see, in Fishes, vol. i. p. 307 ; in Reptiles, ib. p. 
313 ; in Birds, vol. ii. p. 125. 
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of them sink deep into the nucleus. They are connected with 
each other, with the roots of the vagus, and with those of the 
spinal accessory by means of large multipolar cells. In the 
Giraffe the lower roots emerge, like a sm^l ^ accessory,’ from 
the cervical part of the myelon. 

The main roots of each hypoglossal quit the macromyelon, be- 
tween the prepyramid and olive, figs. 81, 82, 9, usually in two 
bundles, which escape, in many Marsupials^ by two precondyloid 
foramina : but in most Mammals the bundles, perforating sepa- 
rately the dura-mater, pass out by a single precondyloid foramen, 
and then unite. The nerve is closely connected with the vagus, 
and contiguous cervical ganglion of the sympathetic, passes 
between the carotid and juguLar, then forward between the basi- 
hjal and hyoglossuSj and. is continued into the substance of the 
geniobyoglossua beneath the tongue to its tip. 

In the Porpoise a small branch of the ^ ninth ’ is distributed to 
the sphincter muscle of the posterior nostril, before the supply 
to the muscles of the hyoid and tongue is sent off from the main 
part of the nerve-trunk, which is relatively small in DelphinicUp, 
In the Giraffe the motor nerve of the tongue is larger in 
proportion to the body than in the Ox : it is largest in the 
Pangolins and Anteaters, in relation to the great length of the 
tongue, and frequency and extent of its muscular motions. As 
the size of the ^ ninth ’ governs that of its special outlet from 
the skull, the precondyloid foramen indicates that the great ex- 
tinct tree-uprooting Sloths i^Mylodon^ Megatherium) applied a 
long flexible prehensile tongue to the plucking off tlic branches 
of their prostrated aliment, in a greater degree, even, than is now 
witnessed in the Giraffe.' 

Among the connections of the ninth are some with branches 
of the superior laryngeal to the sterno-hyoid and sterno-thyroid, 
associating the movements of the tongue with those of tlic 
larynx.* In Quadrumana the cervical branch assumes more 
the characters of the ‘ descendens noni ’ of Anthropotomy, and 
supplies the additional differentiated muscles of the hyoid. The 
ninth, like the ^ accessory,’ is essentially a motor nerve, and I have 
not seen a distinct ganglionic or dorsal root in any Mammal. 

The last, lowest, or hindmost, of the motory nerves of the 
head is that which supplies the muscles of the occijutal or fourth 
haemal, or scapular, arch ; and the origins of which, fig. 134, 5, 5, 
in the course of growth of the neck and cervical part of the 

* For tlje light which may be derived from both nervous and arterial foramina in 
the interpretation of fossil bones, sec xcv', pp. 37, 57, pis. vi. vii. xvi. fig. 2, c. 

* A good view of the distribution of the ‘ ninth* in the Jaguar is given in liv, pi. 
xxxi. fig. 3, 19. 
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myelon are drawn down beyond the cranium. In the Vertebrates, 
retaining the typical connections of the arch, the homologue of 
the ^ spinal accessory ’ retains its cranial place of origin, as well 
as the connections with the ganglionic or sensory part of the 
nerve. The next cranio-motory nerve, in advance, is that which 
supplies the muscles of the parietal or third ha 5 mal, or hyoidcan, 
arch. Both ninth and spinal accessory have their ganglionic or 
sensory complement in the ^ vagus : ’ and, with reference to the 
place of origin of that nerve, it may be remembered that both 
heart and breathing organs belong to the head in Fishes. 

The second, or frontal, or mandibular, haemal arch has its gan- 
glionic nerves from the third division of the fifth, its non-ganglionic 
by that part of the trigeminal supplemented by certain branches 
of the ^ facial.’ The rest of the facial represents the motory por- 
tion, as the first and second divisions of the ganglionic part of the 
fifth arc the sensory portions of the nerve of the nasal or maxillary 
haemal arch and its clothing. The ^ sixth,’ ‘ fourth,’ and^ third’ are 
parts of the cranial motory nerve-system applied to a special organ, 
of sense. 

The myelonal nerves indicate the segments of the axis enclosed 
in their protecting vertebral rings : both segments and nerve- 
pairs being called into being according to the requirements of 
the trunk and limbs of the species. The head-segments and 
trunk-segments directly succeed each other in Protopteri and 
Tcleostomi (vol. i. pp. 7, 14) ; but in Mammals, as in other air- 
breathing Vertebrates, neck-segments and nerves arc interposed; 
and, as the scapular aj^pendage becomes developed into a jointed 
limb, requiring a more backward position through its size, or one 
of more freedom for the exercise of various movements, it attracts, 
as it were, the requisite nerve-force from the successive points or 
segments of the myelon, and chiefly from a post-cranial or cer- 
vical j)ortion. 

The development of nerves, as of vessels, is not primary and 
independent, but secondary and subordinate to the parts needing 
them. If the appendage of a hajinal ai'ch retain its archetypal 
simplicity, as in Protopterus (vol. i, p. 163, fig. 101), one pair of 
nerves serves it : if it grows to a maximum of size and number 
of digital divisions, it may attract its nerve-supply from fifty 
successive segments of the myelon (liv. pi. xi. Raia batis). In 
Mammals eight or nine segments succeeding the encephalon 
minister nervous power to the scapular arch and its appendage, 
the latter chiefly drawing upon the last three, four, or five pairs, 
which are proportionally large. . 
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Because the neural arch and corresponding muscular segment 
have conditioned the beginning of the corresponding pair ot 
spinal nerves, it does not follow that the specially enlarged and 
endowed appendage of such segment is archetypical ly an aggre- 
gate of as many jippendages as the nerve-pairs from which it lias 
attracted branches in the course of its growth and development. 
But, on this assumption have rested the conclusions that the scajinla 
was an aggregate of all the cervical pleurapophyses, and that the 
humerus was the coalescence of the five diverging appendages 
retaining their primitive and tyjucal freedom in tlic five digits : 
and, by parity of reasoning, the scapula of the Skate should be 
an aggregate of more than fifty pleurapophyses, &c. 

I assume that anatomists are agreed that the bone, vol. i. fig. 
101, B, 51, is the homologue of 5i, in fig. 101, A: that the scajmla 
of the Amphiuma answers to the bone so called in other Rejitiles 
and in Birds : and that the occipitally attached scapula of the 
Lepidosiren is the homologue of the similarly named and con- 
nected bone in other Fishes. But the long cylindrical rib-like 
^ scapula ’ of the Lepidosiren is one element, and the diverging 
segmented appendage of the scapular arch manifests the like 
essential unity. !Now, the bifurcation of the distal segment of the 
homologous diverging appendage in Amphiuma does not make 
the unsplit part (fig. 101, b. 53) an aggregate of two appendages, 
nor its scapula, ih, 5i, an aggregate of two ribs. And the same 
may be predicated of five or any greater number of radiated 
divisions of the terminal part of the scapular appendage. But 
the pectoral fin of the Skate is the pectoral filament of the Mud- 
fish, the fore-leg of the Quadruped, the wing of the Bird, the arm 
and hand of Man : i.e. they are homologous partsAthougliuwith 
a supply of muscles, nerves, and vessels, according to their respec- 
tive sizes, shapes, and uses. Say that the appendage in^epidosiren, 
fig. 101, A, 53-57, is a dermal development, and that the humerus^ 
radius, &c. in its higher homologues, are skin-bones, and not 
parts of the endo-skelcton : it does not follow that the scapular 
arch, ib. 51, 52, is, also, part of the dermo-skeleton. What, then, 
is it? This question I propounded, in 1846,^ in reference to all 
the parts of the vertebrate skeleton of which anatomists were at 
one in respect to their special homologj : it ajiplies to the basi- 
occipital (vol 1 . fig. 77, 1 ) and other elements of the occiput of the 
Fish, as well as to the scapular arch therewith connected. What 
is the basioccipital ? Anatomists are agreed that the ‘ basilar 
process of the occipital bone’ (Anthropotomy) is its homologue: in 

* Lxxiv, p. 276. 
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other words, that the same bone or osseous element may be pointed 
out from the Cod-fish up to Man. But at this point the above 
question may be met by the averment, that it need not be asked : 
that there is no ground for homological generalisation higher 
than the special one. Such anatomists rest on the step beyond 
which Cuvier refused to pass. With him parts were homologous 
because they served similar purposes, or were under like teleo- 
logical conditions of existence. Neither the final nor the me- 
chanical causes of separate basi-, ex-, and super-occipitals, of basi- 
and ali-sphenoids, parietals, &c. in the skull of the foetal Bird or 
Kangaroo, have been explained ‘ ; and as I am unable to conceive 
of them, and am in no wise helped by the averment of inhe- 
ritance, I retain my conviction that the basilar process of the 
human occipital bone is the centrum of the hindmost cranial ver- 
tebra ; having, moreover, traced the scapular arch and appendage 
to its extreme of simplicity in Protopterus and Lepidosiren^ I 
accept the light which such condition throws upon its general ho- 
mqlogy, as the hsemal arch of the same (occipital) cranial vertebra. 

If there be cartilaginous fishes that combine a foetal gristly con- 
dition of skull with a maximised development of scapular append- 
age, I conclude that the backward displacement of the sustaining 
arch, from its type -position, is a consequence of such development, 
and prefer to allow my reasoning as to the nature of a limb to be 
guided by the state and conditions of such appendage in the verte- 
brate series, rather than by the state of the cranium in one part 
thereof. It is not probable that the pectoral fin of Shark or Skate 
shows the condition under which the aj)pendage of the scapular 
arch first appeared in fishes.* 

Ort Jaying open the neural canal, and exposing the myclon by 
slitting up and reflecting the ^dura-mater,’ as in fig. 135, the roots 
of the nerves are seen, which go off in latesal pairs, and escape at 
the intervals of the vertebrie: they are called the ^spinal’ or 
‘ my clonal’ nerves. One bundle of the radical filaments proceed 
from the antero-lateral, the other bundle from the postcro-lateral 

* Messrs. Seeley and Spencer dispute the priority of such explanation and don^t 
give it. xci" and xcii." 

* Respect for the conductors and editor of lxxv has led me into the above digres- 
sion ; and as they meet what they consider the ‘main defect * (ib. p. 123) of the present 
work by an ‘ argumentum a<i verecundiam,' I would observe that the individual who 
first perceives, or discovers, the general homology of the basioccipitJil, the scapula, or 
other part of the hindmost segment of the skull of a cod-fish, puts himself in advance of, 
and more or less in antagonism with, others. If his perception be true, but not accepted, 
it is not his fault that ‘ he be right and everybody else wrong.* Such a state of things 
has happened more than once in the history of science, but it is happily transitory ; the 
many moving one-ward, the one onward. 
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fissure, and between the bundles passes a delicate fold of the arach- 
noid, which is attached by an angular process, d, to the dura-mater 
at the interval, usually, of eaeh nerve (p.78). 
The anterior or ventral and the posterior or 
dorsal bundles converge, separately per- 
IPMiffil fi! forate the dura-mater, and unite, at the in- 

fl jjillfejffl ter vertebral foramen, into a single ^ nerve.’ 

Elephant the posterior roots come 
abruptly in a few, large, and distinct 
i! bundles : the anterior roots emerge from 

^ longer extent of their furrow, are nume- 
small, and form several bundles 
ill® roll before passing through the dura-mater. 

I IllirSll ! same characters of the anterior and 

IIP/ ml I ~ posterior origins are seen in Cetacea^ in 
which the two roots preserve tlieir distinct 
course before uniting, after perforating the 

II It liMlIP dura-mater, longer than in other Mam- 

Portion of my elon, with roots or Uniting with the 
nen'os of one side. Human, . x x 

natural size. antCriOr root to lorm Roots of myclonaJ nerve, rna^fn. 

, the nerve-trunk, c. 


Roots of luyclonaJ nerve, rnaarn. 


The capital experiment which has immortalised the name of 
Charles Bell was suggested by the above anatomical fact, and 
I quote his original account of it from the extremely rare little 
tract, which he printed for private distribution in 1811.^ 
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Believing that he could ^ trace down the crura of the cerebrum 
into the anterior fasciculus of the spinal marrow, and the crura 
of the cerebellum into the posterior fasciculus, I thought,’ he 
writes, p. 21, ‘ that here I might have an opportunity of touch- 
ing the cerebellum, as it were, through the posterior portion of the 
spinal marrow, and the cerebrum by the anterior portion. To this 
end I made experiments which, though they were not conclusive, 
encouraged me in the view I had taken.’ 

‘ I found that injury done to the anterior portion of the spinal 
marrow convulsed the animal more certainly than injury done to 
the posterior portion, but found it difficult to make the experi- 
ment without injuring both portions.’ 

^ Next considering that the spinal nerves have a double root, 
and being of opinion that the properties of the nerves are derived 
from their connections with the parts of the brain, 1 thought that 
1 liad an opportunity of putting my opinion to the test of experi- 
ment, and of proving at tlie same time that nerves of different 
endowments were in the same cord, and held together by the same 
sheath. 

‘ On laying bare the roots of the spinal nerves, I found that I 
could cut across the posterior fasciculus of nerves, which took its 
origin from the posterior portion of the sj^inal marrow, without 
convulsing the muscles of the back ; but that on touching the 
anterior fasciculus with the point of the knife, the muscles of the 
back were immediately convulsed’ (ib. p. 22). 

The ventral as well as the dorsal roots of the spinal nerves are 
traceable to the contiguous parts of the grey tract, the latter more 
immediately, as at A, fig. 40. They are severally connected Avith, 
but do not constitute, the white columns from Avhich they emerge. 
Comparative anatomy testifies plainly against the anterior and 
j)osterior columns being aggregates and brainward continuations 
of the motory and sensory roots. Thus, in the instance of such 
unusual elongating growth of the myelon as takes place in the 
neck of the feetus of the Giraffe, as many of the roots of a nerve, 
the origin of which may be so extended by interstitial myelonal 
increase, incline tailward as headward (p. 75). And accurate 
experiment gives the same response, sensation continuing or 
being heightened in parts supplied by nerves beyond the place 
of the myelon of which the dorsal or posterior columns have been 
divided. 

The most constant anatomical concurrence with sensory func- 
tion is the ganglion, fig. 136, G, fig. 131, 9. 

In all Mammals the trunk, fig. 136, C, formed by the union of 
the two roots soon divides into an anterior and a posterior pri- 
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inary set of nerves. The posterior or dorsal .arc usually the 
smaller division, and, bending backward, soon subdivide into 
external and internal branches. The pairs of nerves are classified, 
according to the regions of the vertebral column where they 
emerge, into ^ cervical,’ ^ dorsal,’ ^ lumbar,’ ^ sacral,’ ^ caudal,’ and 
oflfer numerical diflPerences corresponding with those of the verte- 
brae, in the Mammalian series. Each is anterior to the correspond- 
ing bony segment, and, for the most part, escapes between that 
and the segment in advance ; but the notch of the ^ conjugational 
foramen ’ is always deepest at the fore jiart of the neurapophysis 
answering to the nerve, and is directly perforated thereby in 
many instances ; as, e. g. that of the atlas by the first cervical 
in the Tapir,* and also that of the axis by the second cervical in 
the Hyrax.^ Most of the cervical and the dorsal vertebra) are 
perforated by their corresponding nerves in the Ilog and Pec- 
cari ; ^ and some dorsals and lumbars are so perforated in most 
Kuminants.^ Therefore, I count the ^ suboccipital ’ nerve as the 
first cervical one, and reckon the ^ eighth cervical ’ of Anthropo- 
tomy as the ^ first dorsal.’ 

Some details of the distribution of the my clonal nerves in 
Monotremata are given in Lxxxr. In the Cetacea they have been 
described by Stannius^ and Swan^ in Pkoccena commimis. 

In the Porpoise, the first cervical has a distinct posterior root, 
smaWer than the anterior one, but with a small ganglion ; be- 
yond which the two unite, as usual. The posterior or dorsal 
branches supply the occipital and contiguous integument, and 
the teguinentary and other muscles passing to the occiput ; 
supplying, also, small branches to the ‘ masto-humeralis.’ Tlic 
anterior or ventral branch passes along the scalenus, joins cor- 
resj)onding branches from the second and third cervicals, and, in 
combination with the ‘ descendens noni,’ supplies the sterno- 
hyoid and sterno-thyroid muscles. The second and succeeding 
cervical nerves are larger. A posterior branch of the second 
j)erforates the masto-humeralis, and supplies the integument of 
the neck. Other posterior branches of this and following cer- 
vicals supply the interspinales, spinalis cervicis, splenius capitis, 
and the more superficial muscles and integument at the fore and 
dorsal parts of the trunk : ventral branches go to the scalenus 
anticus, levator anguli scapulae, and contiguous muscles. The 
fourth cervical contributes the largest part of the ^ phrenic nerve,’ 
but it receives a filament from the third cervical, sometimes from 
the second ; always from the fifth. The left phrenic passes a 

* XLIV, p. 501. * Ib. p. 522. ■ Ib. pp. 543, 563. 

< Ib. p. 579. » txxvi". Liv, 2d ed. p. 156. 
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short way along the scalenus anticus ; as it sinks deeper, It gives 
a filament to the pectoralis major, passes over the aortic arch and 
trunk of the vagus in entering the thorax, passes along the 
anterior mediastinum, and then along the pericardium to the left 
side of the diaphragm. The right phrenic crosses the subclavian, 
or trunk of the brachial artery, in entering tbe thorax, and 
supplies the right half of the diaphragm. A small branch of 
the anterior division of the fifth cervical, a large branch of that 
of the sixth, a still larger one of the seventh, and a smaller 
contribution from the first and second dorsal, nerves combine to 
form the axillary plexus, prior to which are sent off nerves to 
the scalenus anticus, subscapularis, teres major, and Jatissimus 
dorsi. From the plexus is continued a branch beneath the 
triceps, which quickly radiates small filaments, one of the largest 
of which is continued along between the radius and ulna ; a 
second branch passes along the inner side of the triceps to the 
olecranon; a third branch goes between the hind border of the 
scapula and the triceps outward and forward, it supplies the 
infraspinatus and deltoid, and ends in the periosteum and skin at 
the fore part of the humerus. Many small twigs are sent to the 
subscapularis muscle. The hindmost and strongest branch goes 
obliquely outward and backward, giving filaments to i.ie latis- 

simus dorsi, and bends over the chest to the sternum, along the 
side of which it distributes itself to the serratus magnus and con- 
tiguous muscles attached to the ribs ; it answers to the ‘ external 
thoracic nerve.’ There are thirteen pairs of dorsal nerves, each 
dividing into a dorsal and intercostal part. The dorsal division 
bends over the rib-neck in the anterior vertebrae, and over the 
lengthening diapophysis in the posterior ones, and subdivides into 
a superficial and deep part ; the latter supplies the spinales, 
interspinales, and the fascia of the muscles of the back ; the 
superficial nerves contribute to the longissimus dorsi, and 
levatores costarum, in their way to the skin of the back and its 
muscles. The ventral divisions of these nerves are less distinctly 
subdivided into external and internal fasciculi than in quadru- 
peds. The first intercostal sends a communicating branch to the 
axillary plexus, before its normal distribution, as in the other 
intercostals, to the muscles so called, which are perforated toward 
the sternum by the branches going to the ventral integument. 
The nerves answering to lumbar and sacral of Quadrupeds divide 
into dorsal and ventral fasciculi. The former go to the inter- 
transversales, spinales, interspinales, sacrolumbalis, and longis- 
simus dorsi; and to the superincumbent fascia and tegument. 
There are intercommunicating filaments between the dorsal divi- 
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sions of the second, third, and fourth lumbar nerves. Some of the 
ventral branches pierce the intertransversalis before penetrating 
the fascia of the psoas, on their way to the oblique and straight 
abdominal muscles ; but the main proportion is taken by the 
psoas. Anterior branches from the seventh, eighth, and ninth 
lumbar nerves diverge from the ordinary course or distribution, 
and partially unite with a plexus extending to and supplying the 
muscles which connect the ischial or pelvic bones with the abdo- 
minal and caudal muscles and those of •the attached parts of the 
sexual organs. The above nerves evidently represent the lumbar 
plexus developed in Quadrupeds for the hind-limbs, but their 
chief distribution is as ^ pudendal ’ nerves. The anterior or 
ventral divisions of the caudal nerves mainly combine to form a 
nerve-trunk on that aspect of the tail, which is resolved into 
many small parallel transverse branches, from which are supplied 
the muscles and teguments of that part of the tail. The dorsal 
divisions are similarly distributed, but only a very small propor- 
tion goes to the skin.^ 

In the Ungulate scries the distribution of the spinal nerves lias 
been followed by the hippotomists in the Horse and Cow; by 
Swan in the Ass and 1 have made observations on that part 
of the anatomy of the Hhinoceros and Giraffe. 

Several branches from the superior cervical ganglion of the 
sympathetic join, in a plexiform manner, the anterior division of 
the first cervical ; this also receives a filament from the descendens 
noni, which previously communicates cither with the trunk or a 
filament from the par vagum ; afterwards it joins the pharyngeal 
])lexus, and is distributed to the sterno-hyoid and sterno-thyroid 
muscles. The nerve given to the serratus magnus proceeds 
from the sixth cervical with the phrenic ; but the phrenic after- 
wards communicates with a branch of the seventh, given to the 
pectoralis major. The axillary plexus in the Ass, also in the Pig, 
is formed from the seventh cervical and the first and second dorsal 
nerves. The superior scapular nerve proceeds chiefly from the 
seventh cervical; but in some degree from the first dorsal, and is 
sent to the supra- and infra-spinati muscles of the scapula. Branches 
proceeding from all the nerves forming the plexus are given to 

* Swan well notes the difference between the mode of supply to the natatory tail, 
i.e. by a few trunks in Cetacea derived from a remotely situated rayelon, and that in 
Fishes, by many nerve-pairs from a contiguous myelon: also the great proportion of 
inotory as compared with sensory filaments ; the tail being not only the main motive 
instrument in Whales, but capable of ‘ giving hard blows without feeling much pain.* 
Liv. p. 165. 

* LIV, 2d ed. pp. 153, et seq. 
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the great pectoral muscle ; a nerve proceeding principally from 
the last cervical and first dorsal supplies the subscapularis, teres 
major, and latissimus dorsi, then takes a circumfiex course to the 
deltoid, and external head of the triceps, and finally passes down 
the limb to the skin. The external branches of the third and 
fourth dorsal nerves, also, supply the skin ; the internal cutaneous 
nerve is sent off from the ulnar. The musculo-cutaneous is 
formed chiefly by the last cervical, and partly by the first 
dorsal; it contributes to the formation of the median nerve, 
then pierces the coraco-brachialis to terminate on the biceps. 
The median is mainly formed by the first two dorsal nerves ; it 
sends a branch to the biceps, brachialis internus, and supplies the 
skin on the posterior and inner part of the fore-leg. After 
supplying the flexors on the fore-leg, it sends a nerve close to the 
bone which gives filaments to the periosteum, and passes to a 
muscle answering to the flexor longus pollicis : it then passes 
underneath the annular ligament, and sends a large branch 
obliquely over the flexor tendons to communicate with the ulnar 
nerve, and descends, giving off branches to the skin at the inner 
side of the foot, which communicate with the inner portion of the 
deep palmar branch of the ulnar : it then passes to vascular 
lamella3 attached to the hoof, fig. 17 , 17 , to terminate or these, on 
the villous part of the sole and the ligaments of the joints. The 
idnar nerve arises from the first and second dorsals ; at the middle 
of the arm it sends off the internal cutaneous nerve, and at the 
elbow gives some branches to the short extensor and the elboAv 
joint; it passes doAvn, covered by some fibres of the flexor 
muscles, and at the Avrist sends off the dorsal branch to the skin 
at the posterior and outer part of the fore-leg ; it passes under- 
neath and to the inner side of the flexor carj)i ulnaris, and then 
underneath the annular ligament, and gives off the deep palmar 
nerve: it receives the branch from the median, and descends, 
giving branches to the skin and ligaments at the outer side of the 
foot, after these have communicated Avith the outer branch of the 
deep palmar ; it passes into the foot, covered by the vascular 
lamellae connected Avith the hoof, and terminates on these, the 
villous part of the sole and the ligaments of the joint. The deep 
palmar gives some filaments to the ligaments, and divides into 
two principal branches, one to pass on the inner side to give 
filaments to the joints, the periosteum, and ligaments, and com- 
municate with the branches of the median sent to the skin and 
ligaments at the inner side of the foot, the other to give filaments 
to the periosteum and ligaments, and communicate Avitli branches 
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of the ulnar, having a similar destination on the outer side of the 
foot. The musculo-spiral nerve arises from the seventh cervical and 
first and second dorsal nerves : after supplying the heads of the 
triceps, it passes round the humerus, and gives branches to the 
two large extensors at the back of the fore-leg, and sends a 
branch, somewhat expanded, down to the carpal joints, but not 
swelling into a ganglion, as in Man ; it then pierces the rudiment 
of the short supinator, to supply a muscle answering to the long 
supinator on the outer side of the back of the fore-arm. 

In the Pigy the median in the fore-arm is much larger than the 
ulnar; it receives a small communicating branch from the ulnar 
near the wrist, and then supplies the inner small toe (n), both 
sides of the inner large toe (mV), and the inner side of the next 
(iv). The ulnar gives oif the dorsal branch, and then sends 
the deep palmar to the interosseous muscles ; it contributes a small 
branch to the median, and then supplies the outer side of the 
Jarffe toe (zv), and the adjoining small toe (v). The greatest 
portion of the dorsum of the foot is furnished by the radial brancli 
of the spiral nerve, and the rest by the dorsal branch of the ulnar. 

In the Ass there are eighteen pairs of dorsal nerves, the 
anterior or ventral divisions of which pass between the ribs, are 
distributed to the intercostal and abdominal muscles, the hind- 
most perforating the psoas muscle. There are five lumbar 
and six sacral nerves, besides four or five caudal. The third 
lumbar sends off a branch, which gives a branch to the great 
psoas muscle, and one to join the fourth for the anterior crural 
nerve ; it then becomes the external cutaneous nerve to pass on 
the outer side of the thigh; it sends off another large branch 
corresponding with the external spermatic, which communicates 
with a large branch of the third lumbar ganglion of the sympa- 
thetic, gives a branch to the small psoas muscle, and then 
passes underneath the lower border of the abdominal muscles, to 
which it sends a branch, and becomes distributed on the mamma. 
The anterior crural nerve arises from the third, fourth, and 
fifth lumbar nerves : the obturator arises from the fourth and 
fifth lumbar, and first sacral nerves : the sciatic arises from 
the three first sacrals : the principal part of the third and 
fourth sacrals, joined by a small branch from the portion of the 
sciatic arising from the second, give off the internal pudendal to 
pass at the side of the arch of the pubes, distribute filaments 
to the neck of the bladder, and terminate on the clitoris, vagina, 
and external parts, and the connecting muscle and membrane 
between these and the mamma. A branch of the external sper- 
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matic may be traced downward, and a branch of the internal 
pudendal upward, towards each other. Another part of the 
junction of the fourth and fifth, with sometimes a branch from the 
sixth sacral, joins the hypogastric plexus, and sends branches 
along the inferior uterine artery to the neck of the uterus and 
vagina, and is then distributed to the bladder, urethra, vagina, 
and rectum. The remaining part of the fifth and sixth sacrals 
forms the beginning of the anterior caudal nerve, to which the 
anterior trunks of the remaining spinal nerves below it become 
united ; the posterior trunks of these nerves form the posterior 
caudal nerve ; both of these are continued to the extremity of 
the tail, communicating by branches, and supplying one-half of 
each anterior or posterior surface.' The gluteal nerves are sent 
from the two first sacrals at their junction with the sciatic, and 
terminate on the glutei and tensor fascia?. A nerve given ofi’ 
from the sciatic supplies the gracilis and gemelli, and is continued 
down to the quadratus femoris. The anterior crural nerve sup- 
plies the sartorius, rectus femoris, vasti, and crurgous. The sa- 
phenus nerve descends with the vein, giving numerous filaments to 
the ligaments and skin, and communicating at the side of the foot 
with the inner branch of the deep plantar nerve, and through this 
with a branch of the inner plantar, to be distributed on the skin at 
the side of the foot. The obturator nerve supplies the adductors 
and the large muscle corresponding with the gracilis. The sciatic 
nerve gives branches to the semimembranes us, semitendinosus, and 
biceps ; it then divides into the posterior tibial and the peroneal, 
both of which give branches to the biceps. The posterior tibial 
sends a branch down at the back of the gastrocnemius, and on the 
outer side of the tendo Achillis to the fascia, on that side of the hock : 
it then passes between the heads of the gastrocnemius muscle, to 
which and the large muscle representing the posterior tibial and 
the flexors of the toes it gives branches ; it descends on the inner 
side of the tendo Achillis, giving branches to the fascia, &c. on the 
inner side of the hock, near which it divides into the inner and 
outer plantar nerves ; the inner sends off a large branch obliquely 
over the flexor tendon to join the external plantar nerve ; it passes 
down on the inner side of the tendon, giving branches to the sheath, 
fiscia, and integuments ; near the foot it gives off a large branch, 
which communicates with the inner branch of the deep plantar 
nerve, to be distributed on the skin at the inner side of the foot ; 
it gives branches to the skin of the heel, and then passes down to 
the hoof, covered by the vascular lamella?, and distributing 

1 Liv, p. 160. 
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branches to these and the villous stratum of the sole. The 
external plantar passes between the flexor tendons, and then on 
the outer side of these, and gives off the deep plantar nerve ; it 
is continued down on the outer side of the tendon, gives filaments 
to the sheath and fascia, receives the branch from the inner plantar, 
and gives oflP a branch which communicates with the outer branch 
of the anterior tibial nerve, and is distributed on the side of the 
foot ; its ultimate distribution resembles that of the posterior tibial. 
The deep plantar gives filaments to the ligaments, then divides 
into two branches; the inner passes down beneath the tendon, 
then near the edge of the bone to the foot to communicate with a 
branch of the sapheniis nerve, and of the inner plantar, to be dis- 
tributed on the skin at the inner side of the foot; the outer 
branch passes near the edge of the bone, gives a branch to the 
ligaments, and then joins the outer branch of the anterior tibial 
nerve. The peroneal nerve passes to the outer side of the leg, 
and gives small branches to the fascia and skin ; it sends the long 
branch downward which gives filaments to the fascia, and termi- 
nates in the skin covering the dorsum of the cannon-bone. It 
gives filaments to the ligaments and fascia on the outer side of 
the knee-joint, and brandies to the peroneal muscle, the extensors 
of the toes, and the anterior tibial muscle. It gives off the 
anterior tibial nerve, which passes down the leg between tlie 
peroneal and anterior tibial muscles, then between this and the 
bone along with the anterior tibial artery underneath the annular 
ligament, where it divides into two branches ; the outer one gives 
filaments to the joint, and is contained with the anterior tibial 
artery on the outer side of the cannon-bone, giving filaments to 
the periosteum, and on tlm outer side of the foot receiving the 
outer branch of tlie deep plantar nerve ; it then becomes connected 
with a branch of the outer jdantar nerve, and is distributed on 
the ligaments and skin on the outer side of the foot ; the inner 
bi’anch of the anterior tibial passes down on the cannon-bone, 
gives filaments to the periosteum and fascia, and terminates on 
the skin at the inner side of the foot. 

In the Pig, the posterior tibial nerve, having given branches 
to the muscles of the leg, and sent the branch down at the back 
of the gastrocnemius muscle to the outer side of the leg, gives 
filaments to the inner side of the heel, and near the part divides 
into the inner and outer plantar nerves ; the inner is continued 
onwards, and supplies the small inner toe (zV), the first large 
toe (zV/), and the inner side of the next (/?;). The outer plantar 
nerve passes underneath the flexor tendon, and is continued on- 
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ward to divide for the outer side of the second large toe^ and the 
outer small toe ; it sends the deep plantar into the sole to supply 
the short muscles situated there. The anterior tibial nerve gives 
branches to the ligaments at the back of the foot, and sends a 
branch to supply the toe, n, and the inner side of iii ; the rest oi 
it gives branches to the small muscles on the back of the foot., 
and then passes forward to join the branch of the peroneal given 
to the outer side of m, and the inner side of w ^ ; the continua- 
tion of the peroneal after emerging just above the instep supplier 
the outer side of in toe, both sides of w and the branch sent 
to the outer side of iii and the inner side of iv receiving: a branch 
of the anterior tibial. 

In the oi’dcr Carnivora^ the distribution of the nerves has been 
described and figured by Swan, in the Fox (liv, p. 150, pi. 33), 
and in the Jaguar (ib. p. 161), from which the following account is 
chiefly abridged. In the Fox the anterior trunk of the first cervi- 
cal ])asses forward, and sends up two filaments to the junction of 
the trunk of the par vagum with the glosso-pharyngcal, the ninth, 
the accessory, and the superior cervical ganglion of the sympathe- 
tic ; it gives branches to the recti antici, and then joins the dcscen- 
dens noni, to be distributed to the sterno-hyoid and sterno-thyroid 
muscles. The posterior trunk supplies the recti capitis posti(;i 
and oblicpil sup, et inf. The anterior trunks of the second and 
third cervical nerves give branches to the recti capitis antici, then 
unite to communicate with the accessory, and divide into branches, 
which are distributed on the cutaneous muscle and skin at the side 
of the face and neck and external ear. The fourth cervical gives 
a branch to join the accessory and others to the trapezius, and is 
then distributed to the cutaneous muscle and skin at the side of 
the neck. The fifth cervical nerve gives a branch to the acces- 
sory, and to the trapezius, and then pierces this to terminate on 
the skin at the lowest part of the neck. The posterior or dorsal 
division of the second cervical nerve gives branches to the vsplenius, 
complexus, and other muscles, close to the posterior part of the 
spine, and then sends a branch through the complexus towards 
the occiput, which gives filaments to the muscles inserted into the 
back of the car, but is chiefly distributed on the skin of this part. 
The posterior division of the third cervical is similarly distributed. 
That of the fourth cervical gives branches to the complexus and 
other muscles close to the spine, and then terminates on the skin. 
The posterior divisions of the sixth and seventh also give branches 

' See vol. ii. p. 308, fig. 193, Hippopotamuif, which resembles the foot of the 
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to the muscles and skin ; the first dorsal supplies the muscles 
only. The phrenic nerve is formed by a branch from the fiftli 
and sixth cervicals: it passes over the pericardium to the dia- 
phragm, and on the right side is placed close to the post-caval 
vein. In the Jaguar, the phrenic also arises from the fifth and 
sixth cervicals, and receives a branch from the first thoracic 
ganglion. The axillary plexus is formed by the last two cervical 
and first two dorsal nerves. In the Fox the axillary plexus is 
formed by the sixth and seventh cervical and first and second 
dorsal nerves, but the greatest part of the sixth, after receiving a 
branch from the seventh, gives a large branch to the integuments 
on the anterior part of the shoulder-joint, and then passes to form 
the superior scajoular nerve, and terminates on the supra- and 
infra-spinate muscles. Branches from the sixth and seventh 
cervical and first and second dorsals are given to the pectoral 
muscles ; a branch from the seventh cervical is given to tlie 
serratus magnus, and branches from the sixth and seventh go to 
the subscapularis. The circumflex nerve arises from the union of 
the sixth and seventh cervical nerves; it gives branches to the 
subscapularis and teres major muscles, and then divides and sends 
a branch to the infra-spinatus muscle and the deltoid, and branches 
to the integuments on the outer side of the arm. 

The internal cutaneous nerve is sent off by the ulnar ; it passes 
down the arm, and, near the inner condyle of the humerus, divides 
into branches to be distributed to the skin at the ulnar side of the 
fore-arm. The smaller internal cutaneous nerve is the external 
branch of the third dorsal after its egress from between the ribs ; 
it pierces the broadest muscle of the back, and divides into 
branches, to be distributed on the skin at the inner and posterior 
part of the arm. The musculo-cutaneous nerve arises from the 
seventh cervical with the outer portion of the median, gives a 
branch to the pcctoralis and coraco-brachialis, and then passes off’ 
to terminate on the biceps. The seventh cervical, having given 
off the homologue of the musculo-cutaneous, the remaining part 
gives off a branch which sends one back to the brachialis internus, 
behind the tendon of the biceps, and then gives branches to the 
skin of the fore-arm, in the place of the cutaneous portion of the 
musculo-cutaneous nerve in Man ; it then joins the branch from 
the first and second dorsal nerves, about an inch above the elbow, 
to form the median nerve, which is small as compared with that in 
Man. The nerve thus formed passes under the origin of the 
pronator teres, and gives branches to this, the flexor carpi radialis, 
and the superficial and deep flexors of the digits ; it then passes. 
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by the side of the radial flexor and between the digital flexors, 
through the annular ligament; it is continued in the fore-paw 
between the tendons of these muscles, at the division of which it 
sends off branches ; it gives filaments to the skin of the palm, and 
a branch to the rudimental pollex,^ another to the inner side of 
the index (ii), and a branch to be joined by one from the deep 
palmar for the outer side of the index and the inner side of the 
medius (iii) ; another branch also to be joined by a branch from 
the deep palmar for the outer side of the medius and the inner 
side of the annularis (iv). The ulnar nerve is formed by the 
first and second dorsals ; it descends behind the inner condyle of 
the humerus, covered by thick fascia and by part of the flexor 
sublimis ; it then passes down the fore-arm between the flexors of 
the fingers and the ulnar flexor of the wrist. In the fore-arm it 
is larger than the continuation of the median nerve : it sends a 
branch to the ulnar side of the superficial and deep flexors of the 
digits and the ulnar flexor of the Avrist : near the hand it sends a 
branch to the back of this part to communicate with the radial 
branch of the musculo-spiral nerve, and then proceeds to the 
outer side of the fifth digit (v) ; it passes deeply, confined by a 
ligament at its entrance, into the palm, and sends a branch for 
the inner side of the fifth digit and the outer side of the fourth ; 
the rest of the nerve, forming the deep palmar, divides into 
branches, which terminate on the interosseous and other small 
muscles situated in the palm, and give branches to join those of 
the median sent to the outer side of the index and the inner side 
of tlie medius digit ; also to the outer .side of this and the inner 
side of the annularis. The distribution of the median nerve is 
nearly the same in the Felines, but the trunk traverses the ento- 
condyloid canal. The musculo-spiral nerve has a slight com- 
munication with the sixth cervical, but is princij^ally formed from 
the seventh and first and second dorsals ; it gives branches to the 
different heads of the triceps muscle, and winds round between 
the inner and large heads of the triceps to the outside of the arm, 
and divides into two large branches ; one gives off a cutaneous 
branch to the outer side of the fore-Jirm, and then descends in the 
place of the radial, giving branches to the skin, and dividing to 
terminate on the skin at the back of the paw and the side of each 
digit, except the outer side of the fifth, and communicate with 
the dorsal branch of the ulnar ; the other, in passing to the back 
of the fore-arm, gives a branch to the long and the short supinator 
muscles ; it then divides to terminate in the extensor carpi radialis 

* Vol. ii. p. 306, fig. 191, Hymna, i, which also serves to exemplify the homology 
ot the digits of the fore-paw in the Dog and Cat. 
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and the extensor digitorum, whilst a long branch passes on and 
gives filaments to the extensors of the pollex and to the wrist- 
joint, but does not terminate on this part in a ganglion, as in Man 
and Qiiadrumana. 

There are thirteen pairs of dorsal nerves, and their principal 
deviation from those in Man consists in a smaller size, a more 
direct course, and a less distribution on the abdominal muscles, 
and by those at the lower part of the thorax being covered 
by an extension of the origin of the psoas muscle, also in the 
anterior cutaneous branches supplying the different portions 
of the elongated mammary glands in the female, as well as the 
skin. The ]>ostcrior or dorsal divisions, after supplying the 
muscles connected with the spine, the sacro-liimbalis and longissi- 
mus dorsi, send a branch between these and the latissirnus dorsi 
to the skin. The anterior or ventral divisions of the lumbar and 
sacral nerves supply principally the parts connected with the 
lower extremity, the bladder and rectum ; the dorsal divisions of 
the second and third lumbar nerves supply the skin as well as the 
sacro-lumbalis and other muscles connected with the dorsal parts 
of the vertebne ; the dorsal divisions of the succeeding lumbar 
nerves are disti-ibuted to the muscles only ; the dorsal divisions of 
the sacral nerves supply the muscles on that surface of the tail. 
The nerves ai*e not very different from those in Man, except in 
their number, and consequently in their conjunction a little 
higher or lower for forming the nerves of the lower extremity. 
The anterior divisions of the three first lumbar nerves give fila- 
ments to the psoas muscle, and then pass forward to terminate in 
the abdominal muscles and skin. The fourth gives filaments to 
the psoas and internal iliac muscles, and sends a branch to join 
one from the third to form the external spermatic on the external 
iliac artery, which passes through the external abdominal ring to 
the spermatic chord ; in the female this was distributed on the 
posterior division of the mammary gland; it sends off another 
branch which gives a filament to the external iliac artery, and 
then joins the sixth; the rest of the fifth passes down on the 
exterior of the thigh to the skin, and forms the external cutaneous 
nerve. The sixth receives a branch from the fifth, gives fila- 
ments to the internal iliac muscle ; part of it is then joined by a 
large branch from the seventh to form the anterior crural nerve ; 
the other part, after receiving a large and small branch from the 
seventh, becomes the obturator nerve. The seventh, having 

given off the preceding branches, joins the first and second sacrals 
and a Waneh the third for forming the sciatic nerve. The 
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junction of the first and second sacral gives a brancli to the pyri- 
form fuuscle, and a larger one to pass out at the ischiatic notch to 
supply the gluteal muscles and the tensor fascine. Some branches 
derived from the second and third sacral nerves combine with the 
hypogastric plexus for supplying the bladder and rectum, and 
others from the pudendal nerves for the muscles connected with 
the anus and tail. A branch of the second sacral nerve joins the 
third for forming the anterior caudal nerve, which receives the 
anterior trunk of each remaining spinal nerve, and passes deep in 
the anterior part of each side of the tail, giving off branches into 
its course ; the posterior or dorsal trunks of the same nerves form 
a nerve, which also sends off branches to the dorsal muscles and 
skin of the tail. 

The anterior crural nerve passes between fibres of the iliac 
muscle, then under Poiipart’s ligament at the inner side of the 
sartorius ; it gives branches to this, to tlie rectus fernoris, the 
external and internal vasti, and tJie cruralis, and sends off the 
saphenus nerve, which descends across the thigh to the inner part 
of the leg, communicates with a filament from the obturator, and 
is continued to tlie foot, giving filaments in its course to the 
fascia and skin. The obturator nerve, on emerging from the 
pelvis, gives branches to the pectineal muscle, the triceps, and 
gracilis, and sends a branch to communicate with the saphenus 
nerve ; several fine branches pass down on the inner side of 
the thigh for the fascia and integuments. The sciatic nerve, 
on emerging from tlie pelvis, communicates with the internal 
pudendal; it sends a branch to the internal obturator muscle, 
and one which gives a filament to the upper portion of the 
gemelli, and then i)asses behind the tendon of the internal 
obturator to the lower portion of the gemelli and quadratus 
muscles. The sciatic passes close to the insertion of the in- 
ternal obturator muscle, and upon or beliind the gemelli and 
quadrati muscles, then behind the trochanter covered by the 
origin of the biceps to which it gives a branch : it sends off' a large 
branch which divides into others for the semimembranosus and 
scinitendinosus muscles. About the middle of the thigh it sepa- 
rates into the posterior tibial and peroneal nerves. 

The posterior tibial nerve sends off a long slender brancli 
which descends on the posterior part of the gastrocnemius jnuscle 
to the outer side of the leg, sends a branch behind the tendo 
A chillis to the posterior tibial nerve, and is distributed on the 
skill at the outer side of the leg and heel. It then gives 
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branches to the gastrocnemius, and passes between the heads of 
tliis and gives branches to the flexor of the toes, the tfbialis 
posticus and the flexor longus hallucis ; it then passes down the 
leg on the inner side of the tendo Achillis, and receives the 
branch from the long slender branch sent underneath this 
tendon. It passes behind the inner condyle of the tibia, and 
divides into the inner and outer plantar nerves ; the inner 
plantar gives a branch to the inner side of the second toe, and 
then communicates with a branch of the deep plantar, and divides 
for the outer side of the second and the inner side of the third ; 
it also communicates with a branch of the deep plantar given to 
the outer side of the third toe and the inner of the fourth ; the 
outer plantar nerve passes between the flexor tendons, and sends 
a nerve to the outer side of the foot and the last toe ; it gives oft' 
the deep plantar, which passes underneath the short flexor of the 
toes, and divides into branches, and gives filaments to each of the 
small muscles situated in the sole of the foot, and a branch to 
communicate with one from the inner plantar nerve : it then 
divides for the outer side of the second toe (the innermost in the 
Fox and most digitigrades) and the inner side of the third, and one 
for the outer side of the third and the inner of the fourth, and 
another for the outer side of the fourth and the inner of the fifth 
toe. The peroneal nerve gives a small branch to the biceps and 
filaments to the fascia near the knee ; it then divides the anterior 
tibial nerve, sends off branches to the anterior tibial muscle, the 
long extensor of the toes, and the long peroneal, and descends 
with the anterior tibial artery, beneath the annular ligament, 
and gives branches to the ligaments of the foot ; it passes on- 
wards, and is joined by a branch from the continuation or dorsal 
branch of the peroneal, and divides for the outer side of the 
second and the inner side of the third toe. The continuation or 
dorsal branch of the peroneal, gives branches to the short and 
third peroneal muscles, and passes behind the long peroneal, and 
emerges between this and the long extensor of the toes ; it passes 
over the annular ligament, and sends a branch to the outer side 
of the foot and the fifth toe ; on the back of the foot it sends the 
branch to join the anterior tibial nerve ; it separates into two 
branches, the first divides for the outer side of the third and the 
inner ride of the fourth toes, the other for the outer side of the 
fourth and the inner side of the fifth or outermost toe. 

The chief characters of the minutely detailed distribution of 
the myelonal nerves of Man, in works on his anatomy, are found 
in most Quadrumana. Mr. Swan has remarked that the saphenus 
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nerve is proportionally larger in a Baboon : and he also notices 
the large size of this nerve in the Jaguar. The nerves of the 
palm arc proportionally smaller in Apes than in Man, and do 
not terminate in such thick brushes of filaments at the tips of the 
fingers; but the branches from the musculo-spiral and ulnar 
nerves to the back of the hand are larger in proportion than in 
Man.^ Many Quadrumana have the ganglion on the termination 
of the spiral nerve at the back of the wrist ; but in the Felid<B 
there is only a slight enlargement at that part of the nerve. 

§ 212, Stjmpathetic system, — This, as an addition to the general 
nervous system, is a speciality of the Vertebrate subkingdom : as 
such it dawns in Myxinoids, at the confluence and intestinal 
production of the two vagal trunks, and is differentiated by pro- 
gressive steps, till it attains the general condition defined in 
Vol. i. p. 318, § 57.2 

Where it begins in the series there the chief centres are after- 
wards established, as the semilunar ganglions and solar plexus, so 
called from the multitudinous rays that diverge therefrom ; they 
are early and distinctly visible in the mammalian embryo. The 
ganglions of the sympathetic vary in the pi^oportion of the grey 
or cellular and filamentary or tubular constituents. The cellular 
jiart forms a greater i^J’oportion of the semilunar ganglions in 
Man than in most lower Mammals : and it is greater in Car^ 
nlvora than in hoofed quadrupeds. Tlie filaments radiating 
from the semilunar ganglions collect themselves into interlaced 
groups named after the viscera they mainly supply, as, the 
^ gastric,’ ^ hepatic,’ ^ splenic,’ ^ mesenteric,’ ‘ renal,’ ‘ spermatic,’ 
&c. : the chief branches of all these plexuses attach themselves 
to the arteries of the several organs : in the large gastric plexus 
of the Ruminants they accompany these to the several divisions 
of the complex stomach. In the Carnivora branches of the 
superior mesenteric pass in a more definite form to the aggregate 
of mesenteric glands at the root of the mesentery. In Perisso- 
dactyles, in which the csecum and colon are remarkable for size 
and complexity, the superior mesenteric plexus, supplying these 
parts of the large as well as the small intestines, is proportionally 
larger than in other Mammals, especially as compared with the 
inferior mesenteric plexus in Carnivora and Quadrumana, In 

^ Liv. p. 193. Much of tlio foregoing description is abridged from this rich store- 
house of Comparative Neurology. 

® This true idea of the series of ganglions and nerves, called ‘sympathetic’ in Man, 
once clearly attained, will leave little room for speculations as to whether the ner- 
vous system of insects answers to the myelcncephalic or sympathetic part, exclusively, 
of that of Vertebrates. 
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the Baboon the cjecuin and about one foot of the colon is supplied 
by the superior mesenteric plexus, and the remaining five feet of 
the large intestine by the inferior one. In Carnivora this sup- 
plies about the terminal half of the large intestine. In the 
baboon Swan noticed a communication between tlie right phrenic 
nerve and the semilunar ganglion.* 

The trunk, advancing or ascending from each semilunar gan- 
glion, is an aggregate of cords (‘ splanchnic nerve,’ Anthropotomy), 
which, perforating the diaphragm, separate to form communica- 
tions with a variable number of the thoracic ganglions of the 
sympathetic. In the baboon Swan traced the origins or con- 
nections of the right splanchnic nerve with two thoracic ganglia 

in advance of the left, this extending 
over the heads of five posterior ribs, 
and the other over seven, each ex- 
j)anding into a small ganglion at the 
bottom of the chest. In the hedge- 
hog the splanchnic nein c extends over 
the heads of the four last ribs, and, 
receiving filaments from the sympa- 
thetic, forms a plexus on the sides of 
the vcrtebrie, as in the baboon; but 
separates from the trunk of the sym- 
pathetic higher in the chest. In the 
jaguar this separation occurs a little 
above the diaphragm : in the hog at 
the passage through the diaphragm. 
But ‘ these variations do not seem to 
make any difference either in the for- 
mation of the semilunar ganglion, or 
the branches preceding from them.’^ 
Kdllikcr has given the subjoined 
view, fig. 137, of the communication 

sixth thoracic gan^non of sympathetic, of tllC Splauclinic, Sp/, witll tllC mvclon 
Rabbit, iixxvm”. ^ ^ ^ 

by the ‘ rami communicantes ’ He, Re, 
and with the ganglion of the sympathetic, G, from which it derives 
its grey fibres. From the trunk of the sympathetic Tr and the 
ganglion the nerve s to the intercostal artery is sent off. 

In Mammals the parts regarded as ‘ trunks,’ or ‘ main chords 
of the sympathetic, form a symmetrical pair extending along the 
sides of the centrums, forward to the basioccipital, and backward 

* lAV, p. 115. 2 

^ ‘ Prolongations,’ Swan. liv. passim. 
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to the coccyx : anteriorly, or above, they pass to ganglions and 
plexuses, within, or ^ i jlijij '' ^ 

ffvey and white fila- ^ '' ' ' ''' '' ' '''' ''' '''''' ' “ ' ' '' ' 

^ .Section of sixth Intcrcostjil with comniunicatlng branch to 

llieiltS, and there symminetlc. ilabbiltiijag-. COdiam.). Lxxvii**. 


usually swelling into ganglions. The grey or gelatinous thread 
is most probably a contribution from the ganglion to the myelonal 


nerve, the white thread is sent 
from the nerve to the sympa- 
thetic ganglion : it consists of 
tubular nerve-fibres, and these 
predominate in the ‘ rami 
communicantes ’ of the rabbit 
and cat.* Under a power of 
sixty diam. after addition of 
dilute solution of soda Drum- 
mond found such fibres con- 
tinued mainly from the mye- 
lonal end or origin, fig. 138, 
c, of an intercostal nerve, and 
converging to form the com- 
municating branch, kc, with 
the sympathetic ganglion. A 
few filaments, «, «, disappear 
among those of the intercostal 
nerve rather in the direction 
of its outward course. Traced 
to the sympathetic ganglion, 
as in fig. 139, they diverge. 



Fourth thoracic ganglion, with roiirse of fibres received 
by the cuminuuicating branch, c, from the inyelou. 
(Mag. 70 diam.) nxxvii 


1 Lxxvn". p. 446. 
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spreading over its cellular part g, most of them passing either 
forward at b, or backward at and thus adding to the substance 
of the main trunk, A, B. 

These ganglionic enlargements are more distinct from, and 
proportionally larger than, the cords in Man and Unguiculates, 
than in Ungulates and some lower Mammals. There is also some 
difference in the character of the cords themselves. In the 
Quadrumana and Carnivora^ dissected by Swan, as well as in 
the hedgehog and rabbit, the cord was ^ thick and narrow ’ as 
in Man ; but in the ass, calf, and goat it was broad and flat, 
and composed of parallel threads communicating with each other. 
In the ass it continues of almost the same breadth nearly through- 
out the thorax. ^ In the calf, after ihe tlioracic plexus is given 
oflT, it becomes narrower ; it 'then, in descending, gradually gets 
broader after its communication with each intercostal nerve, and 
appears rather to have liad a branch added to it by, than to have 
given one to^ ea^h nerve.’* The thoracic i)ortion of the sympa- 
thetic supplies nearly the same jiarts as in Man. In the jaguar, 
branches from several of the thoracic ganglia of the right side 
unite and conmiiinicate with the right posterior pulmonary plexus, 
and then cross the spine to coinniunieate with the left posterior 
pulmonary plexus. In the calf, a similar plexus gives off the 
more inferior cardif^c nerves to the left auricle and ventricle : it 
proceeds from four or five of the thoracic ganglia of the right 
side, and communicates with the vagal nerve : branches extend 
across the spine behind the gullet, and communicate with some 
from a similar plexus on the left side. The first or anterior 
thoracic ganglion is commonly notable for its size, and sends off 
filaments of communication with the vagal, recurrent, and phrenic 
nerves. The cord between the first thoracic and last cervical 
ganglion is short, and usually divided, or traversed, by the ‘sub- 
clavian ’ pr ‘ trunk of the brachial ’ artery. In Man the two 
ganglions seem to blend into one. The lower cervical is always 
a notable ganglion : the inferior cardiac nerves proceed from it. 
The sympathetic trunk divides and passes forward along the neck : 
the smaller portion, along the vertebrarterial canal, answers to 
the cervical part of the trunk in birds : the larger portion extends 
in close connection with the trunk of the vagus, and ‘ in the 
calf it, has sometimes very small ganglia’ imbedded in it, 
which give filaments to accompany the small arteries.’^ In the 
hedgehog and rabbit this connection between the sympathetic 
and vagus is less intimate. In this part of the sympathetic there 

1 LIV. p. 115. » Ib. p. 11. ‘1. 



NERVES OF MAMMALIA. 


185 


is an anterior or superior cervical ganglion as well as the inferior 
one ; but, in Man, a small ^ middle cervical ’ is added. In the 
vertebrarterial tract communications are made with the successive 
spinal nerves, as in the thorax, but without the ganglionic 
enlargements, at least so conspicuous. This seems to be more 
truly the forward continuation of the trunk than the cord con- 
nected with the vagus. 

In the hog branches from the superior cervical pass fonvard to 
the second division of the fifth and to the sixth nerve : ^ there is 
not a distinct vidian nerve passing in a canal of bone, as in the 
calf and ass ; but tlm branch most resembling it can be traced 
on the second trunk rf'tlif fifth to the place where the palatine 
and lateral nasal neiwes proceed.’' In the sheep two small and 
two larger filaments ascend from' the guperior cervical ganglion 
and forn^a plexus, from whioJi the vidian nerve passes to the 
lateral nasal and two branches to the gasserian ganglion, in 
the ass the superior cervical ganglion has a iiKjrc ejpngate form, 
and sends branches which form a plexus rotfnd the entocarotid : 
some filaments, joining others from the gFossopharyngeal, siij)ply 
the lining membrane of* the tympanum. The chief offsets com- 
municate with the second division of the fifth, the sixth, and 
facial nerves ; the vidian passes forward at tlic inner side of the 
eustachian tube, traverses its bony canal, and joins the branch 
from the second trunk of the fifth, which divides into the lateral 
nasal and palatine, but there is no ‘ sphenopalatine ganglion ’ at 
the junction. The chief plexuses in the cephalic part of the 
sympathetic are the ento- and ecto-carotid and the cavernous. 
These are more directly derived from the superior cervical gan- 
glion. The plexus about the vertebral artery formed by the 
accompanying portion of the sympathetic is continued to the 
basilar artery and its cerebral branches. From the lower part 
of the superior cervical ganglion the superior or long cardiac 
nerve is sent off* : also nerves to the common carotid, the pharyn- 
geal plexus, and to communicate with the vagus, spinal accessory, 
ninth, and suboccipital nerves. Swan remarks that the superior 
cervical ganglion, ‘ in many ’ (mammalian) ‘ instances corresponds 
in bearing a proportionate size to that of the second trunk of the 
fifth.’' The greatest proportion of the sympathetic continued 
from that ganglion, passed to the front of the gasserian, giving 
off* the first and second trunks of the fifth. He failed to find a 
distinct sphenopalatine ganglion in the monkey and baboon. 

‘ In the baboon and ass the three first lumbar ganglia of the 

1 Liv. p. 112. * lb. p. 110. 
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sympathetic send branches to the semilunar ganglion, to the 
renal, spermatic, and aortic plexuses.’^ The uterine nerves are 
derived from the hypogastric plexuses ; they accompany the ves- 
sels along the broad ligaments ; most separate therefrom before 
reaching the uterus : others retaining a plexiform arrangement 
about the vessels, show minute ganglia in their course, fig. 140. 
In long-taiied Mammals the sympathetic is continued beyond the 

on the cnnclal tiriery^ 
.somcfiiitcs ns a pair of cords (jn^uiir).^ 
Tu nil JMnniinnls examined to this end 

^^hlments of the sympathetic have been 
traced, with tliose of the third and fifth, 
to the ophthalmic ganglion, sending oft* 
the ciliary nerves: and the general result 
of this branch of Comparati^ Ncuro- 
logy tends to establish the conclusion 
that every myelencephalic nerve con- 
tains some proportion of filaments from 
the sympathetic, whilst every sym})a- 
thetic ganglion, reciprocally, receives 
some filaments from the myelencephalic 
system. These, however, are so mo- 
dified as to be unequal to the trans- 
mission of volitional influence to the 
organs mainly supplied from the sym- 
pathetic ganglions : but they may be 
the media of conveying thereto invo- 
luntary influence and the stimulus of 
violent emotions : and, conversely, they 
may convey the sensations of pain from 
the irritated ganglion to the encepha- 
lon. The sympathetic system mainly 
governs nutritive and secretive processes and involuntary move- 
ments; it influences the contractile power of bloodvessels, the 
coats of which, in all Mammals, show a considerable plexiform 
supply from the sympathetic system. 

§ 213. Organs of Touch . — In considering such parts in Mam- 
malia, the sensibility of their highly organised integument, exem- 
plified by its agitation in the horse on the contact of a fly, must 
be distinguished from the special adaptations of parts or appen- 
dages of the skin for purposes of tactile exploration. Increased 
supply of bloodvessels and nerves to a part of the tegument 
1 Liv. p. 117. * Ib. p. 117. 



Riimll fjraiifflfiMi from posterior wall of 
lilt* cervix of an Iniprcgnateil uterus 
of a Cow. nxxvir'. 
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which is thin, soft, or papillose, exalts its sensibility ; as, for 
example, in the lips, at the end of a teat, of a clitoris or penis, 
and to a degree, in the latter instances, approaclamg Q\\a- 
racter of a special sensation. In land-mammals the hair is not 
developed on the more sensitive surfaces, and the skin there is 
commonly thinnest. Man exemiiHfies the maximum of demial 
sensibility through the comparative thinness and general naked- 

ness of his integument. Thai which covers the hroad tips of the 
fiiigors is iiniisiially vascular, and richly supplied with peiiicellate 
plexuses of nerves : the filaments to the papilla? seem to terminate 
in condensed corpuscles of cellular tissue, certainly continuous 
with the terminal neurilemma — the ^corpuscula tactiis’ or ^axile’ 
corpuscles,'— occupying, each, the centre of a pajiilla. The 
digital jiapillje average in Man j^-^th of an incli in length, with 
a basal diameter of ^th of an inch ; they are conical with a 
rounded apex. Each is supplied by a brancli from the arterial 
plexus of the cutis : they do not project, like the lingual j)api]Ia3, 
beyond the epithelial level. Tactile papilla), usually of a larger 
or coarser kind, are developed on the digital integument in Quad- 
rtmana, and on the naked surface of the skin of the prehensile 
tail {Atelcs); also on tlie naked terminal integument of the nose 
of qiiadru])eds, cs[>ociaJIy when, as in the pig, mole, and shrew, 
it is produced as an exploratory ^ snout,’ fig. 297, or forms, as 
in tapirs and elej)hants, a ^ ])roboscis.’ Certain of the i)apilla 3 
of the prominences commonly so called, fig. 149, on the surface 
of the tongue are tactile, but whether also gustatory, or distinct 
from those that taste, is undetermined. The marginal integument 
of the iipjier and lower mandible of the Ornithorhpichus is 
eminently tactile. 

Certain hairs acquire a size, length, firmness, and such a con- 
nection of their sclerous basal capsule and bulb with sensory 
nerve-filaments, as to receive very delicate impressions by contact 
with extraneous objects or impulse: they are termed ^vibrissas’ 
or wliiskers. The bulb and capsule ^ of the whisker is sunk deep 
into the siilSstance of tlic derm, and is inclosed in a sclerous cap- 
sule,^ which in the walrus^ shows an almost cartilaginous hard- 
ness. The bristles, in tliat marine carnivore, have the firmness 
of horn, and act as a staff, in a way analogous to that held and 
applied by the hand of the blind man.^ The varieties in the ^ 

* XX. vol. iii. (1835), pi. xliii., fig. 7,/, ‘ internal tlieca.* 

* Ib. e, ‘ external theca.* * Ib. fig. 10. 

^ The analogy of this action in aquatic mammals to the impressions conveyed by 
vibrations continued from the surr<5unding medium along the gelatinous contents of 



188 


ANATOMY OF VERTEBRATES. 


character of vibrissae are, in like manner, adapted to receive and 
communicate the impressions affecting particular species, oi 
special localities — eyebrows, cheeks, lips — where they may be de- 
veloped. WTiiskers are long and fine in the crepuscular cats ; 
still longer in the nocturnal aye-aye. 

The corpuscular thickenings of the neurilemma with the soft 
centre to which the terminal nerve-filament may be traced 
(‘Pacinian bodies,’ vol. i. p. 324, figs. 213, 214) are related to 
the present simplest and most diftused kind of sensation. The 

iio^rco Jn irliJc/i any ^iven part of integument can discriminate 
tjro distinct contacts is shoyvn by the interincdiatc distance at 
which they begin to be felt as a single inijiression. Obtuse 

points of a pair of compasses, e. g. aj)plie(l, to the skin, with suc- 
cessive degrees of approximation until tiiey feel as one point, 
have shown the different discriminating power of different parts 
of the surface of the human body, which, in the main, is expressive 
of the degrees of general sensibility of such parts. The following 
are instances in the decreasing ratio of acuteness of feeling or 
discriminating power : — tip of the tongue, palmar surface of ter- 
minal joint of finger, red surface of lip, tip of nose, palm of hand, 
skin of cheek, sole of foot (parts of), buttocks and adjoining part 
of thighs, loins, back.^ 

As the seats of special sense are almost devoid of common sen- 
sation, so surfaces with peculiar kinds of the latter, as the teat, 
penis, or the skin of the axilla, palm and sole susceptible of the 
sensation called ‘ tickling,’ have low’ degrees of tactile discrimina- 
tion. For the phenomena and relations of the sense of tempera- 
ture, see nxviii". 

The horn-cased feet of the Ungulates, devoid of prehensile 
power, need no nicety of touch ; but they have a sensitiveness by 
wdiich the degrees of firmness of soil, e. g., may be appreciated ; 
and this is due to the disposition of a highly vascular and nervous 
stratum into fine and long villi on the sole, and into numerous 
close-set lamellae, fig, 17,^ 17, which, interdigitating with soft 
horny lamellie in the inner surface of the wall of the ffoof, relate, 
at the same time, to its renewal and firm attachment to the ter- 
minal phalanx. 

In Cetacea the peripheral surface of the derm is produced into 
fine and long papillae, highly vascular, and connected with nerve- 

the tubes whose buried base receives the sensitive nerve, in certain Fishes (vol.i 
p. 325), was first appreciated by Hunter, xx. vol. iii. p. 55. 

1 For further details and gradations see lxviii';, vol. ii, p. 516, and uxix". 

* XX. vol. iii. p. 58, prq3S. nos. 1410-1413. 
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filaments from the subdermal plexus. Hunter placed his demon- 
strations of this structure in the series of tactile organs, and 
remarks : — ‘ These villi are soft and pliable, they float in water, 
and each is longer or shorter according to the sixe o€ the 
animal. In the Spermaceti Whale they are about a quarter of an 
inch long; in the Grampus, Bottle-nose, much shorter; in al 
they are extremely vascular; ' they are sheathed in corresponding 

hollows of the cpiderm.’ i- u J • 

The naked skin in Cetacea is even, smooth, and polishca, in 

most instafices : the numerous \ou|\tudina\ pkltS aloilg tllC UnUCr 
and forepart of the body in fin-whales {^Dalcenoptera, fig. 217, c), 
would allow of transverse expansion ; yet the thorax which they 
cover needs not such provision. It is peculiar to the swifter- 
swimming whales that pursue mackerel and herring, and may 
serve to warn them of shoals, by appreciation of an impulse of 
the water rebounding therefrom, and so conveying a sense of the 
propinquity of sunken rocks or sand-banks. Sensitiveness to 
movements of the ambient ocean is indicated by certain observed 
phenomena. Thus wliale-fishers aver that when a straggler is 
attacked its fellows will bear down from some miles’ distance, as 
if to its assistance ; and it may be that they arc attracted by per- 
ception of the vibration of the water caused by the struggles of the 
harpooned whale or cachalot. But, in the main, tactile or discrimi- 
native sensibility is very low in the Cetacean order. The thick 
liard and short vibrissa? on the lips of Sirenia^ appear to relate 
rather to prehension than exploration of food. 

The extent of surface and delicate organisation of the parts of 
the skin forming the wings and ear-conchs of those of the Bat- 
tribe that pursue volant insects (vol. ii. fig. 156), and the an- 
tennal nose-leaves of many species {Rhinolophidce), relate to the 
perception of atmospheric impulses rebounding from surfaces near 
which the Bat approaches in flight. Thus, when deprived of 
sight, and with the ears and nostrils plugged up, as in Spallan- 
zani’s questionable experiments, he avers that the Bat was capable 
of directing its flight with the same security and accuracy as 
before, guiding its course through passages just large enough to 
admit it without coming into contact with the sides, and even 
avoiding numerous small threads which were stretched across the 
room in various directions, the wings never tdUching any of them. 
The delicate sensibility of the membranous integument meets all 
the conditions of the crepuscular or nocturnal flying of the bat, 
without involving a new and peculiar ^ sixth sense,’ as deduced 
1 XX. vol. iii. p. 57 , nos. 1403 - 1405 . 
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by the narrator of the above experiments. Like the antennie of 
some insects^ the eai- and nose-leaves of some Bats have rapid 
vibratile movements; snch, at least, have been observed in captive 
specimens, each pinna moving independently of the other : ^ it 
\odked as if he were feeling for sound and smell.’ * The nasal 
leaf is livid or flesh-coloured in Rhinolophus. In the bats of 
passive food, such as the Vampires (Desmodi) that are attracted 
by scent in a direct flight to the large living body tliey suck, and, 
when gorged, flit lazily back to drowse away a long digestion in 
their murky retreats ; or such aSthe Roussettes {Pteropi^ that wing 
their way to fruit trees, and, after feeding, suspend themselves in 
sleep to the branches ; the auricular and nasal tegumentary 
appendages are small and simple : such sensitive tactile guides 
or warners in flight are only needed in the bats of active food, 

which must follow in swift evo- 
lutions, like the swallows, but 
in gloom, the volatile insects 
that people the summer air at 
dawn or dusk. 

§ 214 . Organ of taste, — The 
tongue attains in mammals its 
full development as an organ 
of taste; and, as respects the 
extent and organisation of the 
gustative surface, in the highest 
degree in Man, fig. 141 . The 
chief distinction of this from a 
tactile surface is that the sensi- 
tive papilla3 are on profjesses 
rising above the epithelial level, 
said processes being com- 
monly called ^ papilla3.’ As we 
desfjend in the mammalian series 
the mechanical offices of the 
tongue predominate over the 
sensitive ones. In the Giraffe, 
Pangolins, Anteaters, and 
Echidna, its most obvious office 
is that of prehension ; and in the 
Ornithorhynchus it supports teeth, horny like those of the jaws, and 
it has mechanical modifications in relation to the cheek pouches. 
In all Mammals the dorsum of the tongue is more or less papil- 

j LXXIX**. p. 65. 
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lose, and in most the papillae offer the three conditions called 
< conical,’ fig. 150, ^ fungiform,’ fig. 149, and ‘ fossulate,’ fig. 148,/. 

The tongue is well developed and freely movable in all 
Marsupials, and the epithelium covering the conical papillae is 
rarely condensed into spines. In the carnivorous species, as the 
Dasi/uri, the conical papillae are minute and soft, but directed 
backward, so as to give a slight roughness to the tongue when 
stroked in the ojjposite direction : under a lens they appear like 
fine shagreen. Near the base of the tongue in Dasyurus viver^ 
rmus there are three fossulate papillae, in triangle, with the apex 
toward the epiglottis. A small fibrous or sclerous rudiment of the 
‘ glosso-hyal,’ called ^ worm,’ or lytta, lies lengthwise beneath the 
tip of the tongue. In the Perameles, besides the minute and gene- 
rally diffused simple papillae, there are fungiform ones, of larger 
size, placed at distances of nearly a line apart, and raised about a 
third of a line above the surface of the dorsum. The fossulate 
papillae correspond in number and arrangement with those of the 
Dasyures, but the entire tongue is relatively longer and more 
slender, especially in Per. lagotis. In some species of Opossum, as 
Didelphys Philander, the margin of the tongue is fringed with a 
series of fine long papilla 0 . In Didelphis inrginiana the conical 
papilhe of the fore part of the dorsum are retroverted and sheathed 
with hard epithelium. In the Phalangers there is a thickening at 
the edge of the fnenum linguas, but no true lytta: the dorsal 
papillae resemble those of the Dasyures, but are somewhat more 
obtuse. In the Kangaroo there is a callous ridge along the 
middle of the under surface of the free extremity of the tongue, 
and a corresponding furrow along the dorsum ; the latter is 
common to all the Marsupials. In the Wombat and Koala the 
dorsum of the tongue rises somewhat abruptly from a furrow 
surrounding its base ; its form is narrow, moderately deep, dimi- 
nishing in this respect to the tip, which is rounded. In both the 
Kangaroo and Koala there is a single large fossulate papilla near 
the base of the tongue. In Dendrolagus there are three such, 
arranged in a triangle with the apex turned forward. 

Most Kodentia show two well-marked divisions of their usually 
deep and compressed tongue : an anterior, which from its vascular 
and pa})illose surface is the main seat of taste, and a posterior or 
intermolar tract, Avhich rises somewhat abruptly above the level 
of the preceding and brings the food to that of the triturating 
surface of the molars. 

The tongue seems to fill the narrow mouth of Rodents more 
compactly than usual, commonly bearing the impress of the 
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palatal fuiTOWS on its dorsum and of the grinding teeth on its 
sides : the free apex is short and usually obtuse, seldom if evei 
protruded beyond the scalpriform incisors. In the coipu (^Myo- 
potamus)ii is acuminate and covered with small retro verted shining 
velvety pa,piUse ; the free part is three Quarters of an inch in 
extent: the basal portion of the dorsum is less abruptly elevated 
than usual : it has but two fossulate papillae, as in the capybara 

and J^eporh/tp. The squirrels and most other Ixodents have three 
fossulate papilla) forminfr a triangle, but in iiiavniots they rnn^e 

almost m a line. In Caprornys the apex is rovmded, free for halt 
an inch, and impressed by small follicular apertures : the conical 
papillab are minute, but near the base become larger and retro- 
verted: here numerous delicate lines converge toward the epi- 
glottis : the intermolar part of the dorsum is less elevated. 
The Agoutis (Dasyprocta) ditfer from the Cavies, Beavers, and 
Hares, in the gradual elevation of the interinolar part of the 
dorsum: the apex is subacuminate, minutely papillose above, 
with a middle longitudinal furrow: at the root arc many elon- 
gated processes covered by a thichish epithelium. In the beaver 
the membrane on the sides of the tongue descends a very little 
way, and is reflected upon the inside of the cheeks, in advance of 
the molar teeth. In the porcupine {Hystrix) one sees a scries of 
scale-like or wedge-shaped processes, with tlie free margin divided 
into two or three points, on each side of the tongue. 

In Insectivora the tongue offers little worthy of notice : most have 
three basal fossulate papillae, in triangle with retroverted apex. 
Tupaia shows a long fraenum continued to near the apex, and 
having, on either side, a thickish fimbriate fold. In Vespertilio 
murlnus, among the Bats, the papillae at the fore part of the tongue 
have a firm epithelium ; some soft obtuse fungiform papillae show 
a serial arrangement: two fossulate papillae are near the base. 
In Phyllonycteris Poeyi the papillae are retroverted and espe- 
cially long and setose on the edges of the tip ; which is narrowed 
and canaliculate. In A.rtibeus the fore part of the tongue is 
roughened by very short papillae ; those behind are larger. In 
Monophyllus the apical papillae are so long as to give a pennicellate 
character to the tip of the tongue, but this relates rather to its 
prehensile function, as in probing night-blowing flowers for 
minute insects. The sanie brush-like character is observable in 
the conical papillae of many other Bats : in the Vampires ( Des- 
modus) such modification is subservient to suction. In some 
kinds of Pteropus the conical papillae have a hard epithelium 
and terminate in many points : the fossulate papillab at the base 
are three in number in this genus. 
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The contrast in extensibility of tongue is very great in the 
Lisscncephalous group, as, c. g., between the Rodentia and 
Brnta. Viewed as orders, the first offer the least, the latter the 
greatest, power of protrusion and mobility of the lingual organ 
in the whole Mammalian class: but the unimportance of this 
character as telling against affinity is shown by a similar contrast 
between the two representatives of the Monotrematou^ order, 
Ornithorhynclms and Echidna. The characteristics of the tongue 
in Driita are due to the development of its motory rather than 
its sensory attributes, are attended with increase of the hypo- 
glossal more than of the glossopliaryngeal or trigeminal nerves, 
and relate to the acquisition rather than to the discrimination of 
alimentary matters. In the fiimily {Loricata) of the order in- 
cluding the most promiscuous feeders, the tongue is better 
endowed with the power of testing the sapid qualities of the 
miscellaneous organic substances in the rubbish of the forests 
among which the Armadillos are habitually poking their pig- 
like snouts. Relegating, therefore, the notice of the tongue of 
the purely phyllophagous and myrmecophagous Bruta to a 
future chapter, I shall here merely state that, in the Armadillo, 
the tongue tapers to the free end, has a convex dorsum, trans- 
versely wrinkled and finely papillose : at about an inch from the 
root, in Dasypus Peba^ there are two fossulate 2 )apilla) ^ on the 
same transverse line, behind which a medial furrow extends to 
the epiglottis. 

The. tongue has but little mobility and a small extent of free 
margin in any Cetacean. In the Porpoise the tip is fringed by 
obtuse processes of varying length, but all short, fig. 296, 4, the 
dorsum is flat, devoid of papillous processes, and smoothly covered 
by a level of thick ejnthclium. In the Grami)us a similar fringe 
extends some way back on each lateral margin of the tongue. 
Anteriorly these margins are made irregular, in the Cachalots, 
by fissures and warty prominences. The Whales have not the 
fringed or verrucose mai’ginal structure. The tongue in them is 
chiefly remarkable for its huge size even relatively to the body ; 
and this* is mainly in breadth and depth. When swollen by 
putrefaction the fore part may be protruded a little way as in 
fig. 217. The dorsum, devoid of jmpillae, has its membrane thrown 

’ Daubenton states that he saw not any papilloa even with a strong magnifier, cxxii', 
vol. X. p, 242 ; and De Blainville appears to have been led by this statement to affirm 
of the ‘ glands calycinales des Edent6s,’ that ‘ quelqucfois ellcs sont nulles,’— lxxx"» 
p. 255,— of which, however, I have seen no instance. 

VOL. III. O 
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into numerous minute wavy or subparallel folds. The root of 
the tongue, in Hyperoodon, shows many pores of glandular 
follicles, anterior to which are four large fossulate papilhe, with 
a few obtuse conical papillic at the sides: a similar structure 
here occurs in the tongue of the Cachalot, which Hunter compares 
to ^ a feather bed : ’ but the comparison is more applicable to that 
in the whale-bonc Whales : for the tongue is firmer and more 
muscular in the Cachalot and other toothed Cetacea^ than in those 
with baleen. Most Cetacea offer a marked contrast to the other 
Mammals in having the skin of the tongue separated from the 
flesh by a layer of blubber. As a rule, in Mammalia, the vas- 
cular and sensitive lingual membrane adheres as closely to the 
muscular tissue as docs the very similar skin of the snail : its 
sanguine tint in Balienidae is not obscured by pigment : but in 
some DelphinidcB this is present of a leaden colour. 

In Sirenia the tip of the tongue, fig. 142, «, projects a little 

more freely, but does not 
reach the fore part of the 
mouth: the tongue is nar- 
rower in proportion to its 
length ; but is chiefly re- 
markable for the excess of 
development of the epithe- 
lium. In the Dugong this 
covering of the conical pa- 
])ill£c at the fore part of the 
dorsum gives it the appear- 
ance of being beset with sj)ines. A large, but short thick, retro- 
verted horny process projects* from each side of the base of the 
tongue, ib. The conical papillse in Manatus have a less firm 

epithelium, and are longer and finer than in the Dugong; they 
are limited to the apex and part of the dorsum. The fossulate 
papilla) are numerous, extending on each side the dorsum from 
the anterior third to near the base of the tongue. The lingual 
epithelium appears to have reached the maximum of develop- 
ment in the now extinct boreal Manatee {Rhytina Steileri), 

The tongue of the Elephant is tied down, as in the Cetacea, and 
a part of the dorsum is made by muscular action to represent the 
tip when it projects : in relative size to the head it offers the ex- 
treme contrast to the tongue of the Whale : it is not only short, 
but narrow, and represents, apparently, the intermolar part of the 
tongue in liodents. It is, however, eminently gustativc: the 
membrane is highly vascular, with very numerous minute and 


142 
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rather obtuse conical papilla}, and a few large fossulate ones near 
the base. 

In the Rhinoceros the tongue is broad and flat, a little ex- 
panded anteriorly, and becoming narrower and deeper as it passes 
backward : there is a small protuberance on the dorsum, between 
the posterior grinders, divided by a median furrow : the large 
fossulate papillae are principally collected, in a group of ten or 
twelve, on each of these risings ; the fine close-set pointed j)apilhe 
on the fore part of the tongue resemble short hairs ; behind these 
papillae the epithelium is condensed into a thick callous stratum, 
and becomes thinner at the posterior glandular part of the tongue. 
There is a ‘ lytta ’ beneath the anterior flattened freely projecting 
part or tip of the tongue. ‘ The horse has a relatively longer and 
narrower tongue, with a greater extent of free-tip, with much and 
various motion and prehensile power : the base of the tongue is 
steadied and the origin of the ^ linguales ’ extended by the glosso- 
hyal (vol. ii. fig. 305, E, (j Zt) : the surface of the dorsum is 
smooth and firm, the conical papilla} being minute and close-set ; 
there are a few fungiform papilla} along the sides, and three large 
fossulate ones at the base ; the free ends of the former kind are 
subdivided or papillose. The tongue of the Hippopotamus is 
remarkable for its terminal expansion and flatness : it is slightly 
notched at the middle of the broad tij) : the conical jiapilla} are 
numerous and small; the prominent part of its large fossulate 
paj)illie are cleft into smaller ones. In the Hog the edges of the 
fore half of the tongue are fimbriate : near the base are two 
fossulate pajnlhe ; behind whicli are numerous coarse retroverted 
conical papilla}, subserving deglutition. The lingual margins are 
not fimbriate, in Phacochoerus : the fossulate papilla} are two, as 
in Sus, and the anterior two-thirds of the dorsum are beset with 
firm gustative papilhe.^ Numerous small conical papilla} give a 
villous character to the dorsum of the free fore-part of the tongue 
of the Camel ; among which larger obtuse fungiform papilla} are 
dispersed here and there ; mostly at the under side near the 
margin: the dorsum rises at the intermolar region, the conical 
papillae increase in size, and very large fossulate papillae are placed 
in a row on each side : the mid-prominence is here, also, subdi- 
vided ; and the secondary pajiillae usually surround a secondary 
fossa, fig. 143, A. The tongue of the Llama is similarly divided into 
a free, gustative, and prehensile part, and a deeper intermolar 
masticatory and deglutitional part. The conical or filiform pa- 
pillaB are most delicate and minute, extending over the dorsum of 

* v". p. 39. * LXXXIX". p. 64. 
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the anterior division, and upon the sides of tlie fore part of the 
posterior one. A shallow longitudinal channel impresses the 
middle of the dorsum of the free part. The fungiform papilhe are 
143 scattered along its margins, 

being largest at their under 
part, and here also appear 
in a distinct longitudinal 
group at the middle in ad- 
vance of the frienum. The 
callous processes and fossu- 
latc papilla) in tlie intermolar 
part resemble those in the 



Hase of tongue, Camel, i-xxxi”. 

Camel. In true lluminants the conical 
j)apilla) in the fore part of the tongue 
are elongate, retroverted, and sheathed 
by an epithelium harder than in the 
CamelidcB : the fungiform papilla), and 
the large irregular callous projections 
on tlie intermolar part are repeated: 
the fossulate papilhe are usually 
rounded and less in size. In some 
ruminants, e. g. Aurochs {Bison euro-- 
pens), the tongue is of a deep leaden 
colour. The muscular, vascular, and 
nervous structures of the long, pre- 
hensile tongue of the Giraffe, fig. 144, 
are described in detail in xcvii' (pp. 
221-224) ; and in relation to the gus- 
tative function it need only here be 
noted that the ejnthelium is thickest 
at the a[)ex, on the upper surface of 
which it sheathes the conical pajiillin. 



Tongue of tliu Gimffe. 
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and forms minute retro verted s])ines, wlilch occasion ilic rasp- 
Jike rouglmcss which is felt in the tongue of the living ani- 
mal. The upper superficial layer of the lingualis, which acts 
more directly on these papilla), and is by some called ‘ noto- 
glossus,’ is conspicuously differentiated from the main mass at 
this part of the tongue. The deeper transverse fibres decus- 
sate with those of the opposite side, the ^ septum albescens ’ 
1)eing but partially present in the tongue of Ruminants. In the 
Giraffe a dark leaden-coloured pigment is developed beneath 
the epithelium, covering the anterior half of the tongue. In rela- 
tion, perhaps, to its frequent exposure, under a tropical sun, in 
the prehension of the leafy food : the pigment assumes a black 
colour over the prominent round fungiform j)apilla), which are 
somewhat sparingly scattered, like coarse grains of gunpowder, 
over the dark-coloured portion of the tongue ; from fifteen to 
twenty fossulatc ])apilla5 are arranged in an irregular longitudinal 
row on each side of the raised intermolar part of the tongue. As 
the organ is mainly a prehensile one, its structures thereto adapt- 
ing it will be described in connection with the prei)aratory in- 
struments of digestion. 

In most Carnivora the septum is coinidete, and the ^ fibr® 
transvei’sa) ’ are firmly attached to it, instead of decussating. The 
lower margin of the septum is thickened, and in many species 
includes the long cylindrical fibrous body, representing the 
^ glosso-hyal,’ called ‘ lytta,’ and in Dogs, where it attains its 
largest size, ^ the worm.’* It may help by its elasticity, and that 
of its sheath, in the act of lapping. In the Seals the apex of the 
tongue is bifid and fringed with delicate papilhe ; they are less 
marked on the upper flattened surface : towards the base are the 
^ fossulate papilla),’ behind which the lingual membrane Is puckered 
into ruga) and beset with numerous follicles. In the Bears 
the apex of the tongue is entire, expanded, and impressed above 
by a medial longitudinal groove : the conical papilla) are minute 
and close-set, with soft epithelium : those at the under part of the 
margins are coarser. In Suhursus Thihetanus with the simple 
papillae are intermixed small white petiolate papilla) : near the 
base are eleven large fossulate pajullae forming two sides of a 
triangle whose apex is turned backward. The tongue of the 
Kinkajou (^Cercoleptes^ shows seven fossulate papillae similarly 
placed and arranged; but it has a long, and large Gytta,’ liga- 
mentous anteriorly, cellular posteriorly, in a sheath of circular 
fibres.® 

» XX. vol. iii, p. 83, nos. 1514 {Th/crna), 1514^ {Jackal). ^ lxxxu-. p, 122, 
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In the Hysena the tongue has a circular group of conical 
papillaa near the fore part of the dorsum sheathed by horny epi- 
thelium, forming retroverted spinules. In Felines they cover 
a larger proportion of that part of the tongue, forming a powerful 
rasp in the great species.* The gustative papilla? are very fine 
and setose, intermingled with the homy ones, and more abundant 
towards the margins, where also the larger petiolate papillae are 
scattered. In the Lion the tongue appears of considerable length 
in consequence of the distance between the hyoid and the bony 
pahtcJ The soft palate is of proportional extent, and all that 
part of the tongue co-extended therewith is represented by a 
smooth faucial membrane; as it advances it becomes covered with 
laige soft retroverted papilla? ; then there appear four large fos- 
sulate papilla?, anterior to which the simple conical papilla? con- 
tinue, increasing in size to near the tip. In the Jaguar there in- 
tervenes between the epiglottis and the proper base of the tongue 
a smooth faucial mucous tract, like that in the Lion, of three 
inches extent. In the Leopards, Ounces, Lynxes and Cats, the 
larynx and tongue are in close proximity. No Carnivore shows 
a raised intennolar part of the tongue. It is equally absent in 
Quadrumana, In this order Hunter noted in a Lemur Momjoz^ 
L., which he dissected, that ^ the tongue has a part underneath, 
shaped like a bird’s tongue, so that it might be called double- 
tongued.’^ This long flattened process, bifid at the apex, is 
shown to be continued forward from the fra?num in the prep. No. 
1516.'* A like structure is shown in Loris (No. 1518); and 
two smaller fra3nal i)rocesses are shown in the tongue of another 
Lemurine species (No. 1517). This lingual character has since 
been found to prevail throughout the Strepsirhine group* down 
to and including the Aye-aye ( Chiromys\ In this animal the 
frxnal or sublingual plate® has a short and simple apex, behind 
it a filamentary longitudinal gristly ridge or ^ lytta,’ projects from 
the middle of the under surface of the tongue. A narrow free 
fold of membrane is continued backward from each side of the 
base of the fra?nal plate to the corresponding side of the pha- 
rynx : a like structure obtains in the Galagos and Pottos, and 
supports the terminations of the ducts of the submaxillary and 
sublingual glands. In Perodicticus the broad apex of the fracnal 
process is jagged.^ The conical papillae are short, subobtuse, and 

* XX. vol. iii. nos. 1509-1513. 

* The corresponding modification of the hyoid arch in Felidc^ is noticed in vol. ii. 

p. 506. * ccxxxvi. vol. ii. p. 29. * xx. vol. iii. p. 84. 

* I.XXXII 1 ", to Lxxxviii". « cii*. p. 41, pi. xii. figs. 8 and 9, a, 

’ Lxxxv". pi. 8, figs. 8 and 9. 
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rather large, proportionally, in the Aye-aye, becoming more so 
toward the fauces. The fossulate papil Isoform a transverse pair. 
In Galagos and most other Leniuridce there are three fossulate 
papillse, in a triangle, with the apex backward.' Obtuse or 
fungiform papillse are interspersed with the conical kind in 
Lemur proper. The tip is sharp-edged in Lemur and Microcehus, 
round and obtuse in Galago and Aye-aye. 

In some of the Platyrhines the tongue is long, slender, and 
somewhat pointed, c.g., Callithrix : in which the fossulate papillse 
are three in number, with the apex of the triangle backward. 
The ^ sublingua’ is rudimcntal or obsolete in these and in catarhine 
Q?mdrumanaf in which the tongue gains in thickness and depth : 
the fossulate papilla3 continue to be three in number, but the 
general structure of the tongue closely resembles that in Man. 

The human tongue, fig. 141, mainly differs from that in Quad- 
ramaiia in being, so to speak, less massive, less deep relatively 
to its length and breadth, with a greater proportion of its 
margin free, and for a greater extent. It is the most perfect of 
all tongues in its gustative and other sensibilities, and especially 
ill the rapidity, freedom, and variety of its movements ; whence 
its applicability to the numerous exigencies of articulate speech, 
as well as to prehension, mastication, insalivation and deglutition 
of alimentary substances. 

Of the muscles moving the tongue some, e.g. ^ stylohyoid ; ’ 
^ digastricus,’ mylohyoid,’ ^genio- 
hyoid,’ ^ sternohyoid,’ act upon it 
through the medium of the hy- 
oidcan arch : others, e.g. ^ stylo- 
glossus,’ ^ genioglossus,’ ^ hypo- 
glossus,’ ^ palatoglossus,’ arising 
from extrinsic points pass or are 
inserted into the tongue’s sub- 
stance : a third class of fibres 
mainly constitute that substance 
in which they both begin and end, 
and are called the intrinsic 
muscles,’ and collectively ^ lin- 
guales.’ In the transverse sec- 
tion, fig. 145, the genioglossi, dy are seen decussating vertically 
with the central intrinsic fibres, c\ these are nominally dis- 
tinguishable from the ^ peripheral mass ’ of these fibres, hy owing 
to their greater number and more compact arrangement at this 

• LXXXV". pi. 8, fig. 7. 
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Transverse section of Human tongue, at 
tlie fore part of Hie frmnum Coxl. 
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part; in a section anterior to the genioglossi the peripheral 
layer is uninterrupted. The central mass consists of transverse 
and vertical fibres, the latter not wholly intrinsic but partly 
derived from the genioglossi : the peripheral mass mainly con- 
sists of longitudinal fibres, 
of which those along the 
upper and under surfaces 
are intrinsic, those on the 
sides of the tongue in part 
derived from the styloglossi. 

As exemplified in the 
])Ian, fig. 146, the vertical 
“ ” and transverse fibres decus- 

1‘lnu of intrlntiic! lunsclcs of toiifrue. ccxl. j • i 

sate in the centre, and there 
exclude the longitudinal fibres ; the vertical ones diverge and 
spread as they approach />, h, and cease near the margins r/; 

the transverse also di- 
, verge, as they ajiproaeh 

if \ {'/ disappear near 

'')/ y T \\ rvl \ upper and under sur- 

^‘ij / k f;! mj' ) faces a, a. The vertical 

verse section,fig. 147, e, are 
^ near the periphery, 

where the diverging ver- 
and transverse fibres 
1 5 1 1 leave room for them, as at 

^ 11 I greater propor- 

^ I ^ tion at the surfaces a «, c c. 

of the tongue*, three sets 

Section of cortiral l«yor, upper part of tongue. of fibl'CS traVCl’SC tllC SaUlC 

(Soaium.) coxn. . t . 

area, in as many distinct 
directions and at right angles one with tlie other ; the arrange- 
ment being so that the crossing of the fibres of any two sets forms 


Section of cortiral layer, upper part of tongue. 
(30 aium.) coxn. 
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a net, the meshes of which in successive layers become canals 
through which the fibres of the third set pass ; hence in whatever 
plane they be viewed, two sets are seen, in profile, crossing, and 
one, in section, perforating ; by which arrangement they mutually 
support and conduct each other, independently of connective tissue, 
the dispensing with which allows for the aggregation of so much 
more muscular tissue in the tongue’s substance. In fig. 147, a 
magnified view is given of a section from the upper surface, a, in 
fig. 145 : a are the vertical fibres extending to that surface, be- 
yond the uppermost transverse fibres, by and decussating with the 
longitudinal fibres shown in section at c. This complex arrange- 
ment becomes simplified toward the apex : the longitudinal fibres 
first ceasing, next the vertical ones, and the transverse alone 
being continued to the tip.^ 

The skin of the tongue is divided into the papillose, glandular, 
and smooth, mucous, or faucial areas: the latter, fig. 141, dy lias 
about half an inch of longitudinal extent when not stretched, 
and answers to the much more considerable ti^act in the Lion. 
The glandular area is defined anteriorly by the fossulate papilla3, 
ib. fy here arranged ^ en chevron,’ four on each side converging 
toward the backwardly turned point : behind this is sometimes 
seen a fossa devoid of papilla, the ^foramen caBcuni’ of Aiith opo- 
tomy. The papillose area extends over the major part ot tlio 
tongue to its lip and doAvn the sides along part of the under 
surface; it is roughened by papilltc which extend from the 
medial groove in oblique scries forward and outward, repeating 
in the main the arrangement of the fossulate or glandular 
papillic. 

The tongue-skin presents a basal areolar tissue, so dense in 
the glandular and papillose area? as to resemble the corium : at 
the faucial area and under surface of the tongue it softens into 
the character of that of the mucous membrane of the cavity 
with which it is continuous : where it overlies the muscular part 
of the tongue, as in fig. 145, «, it is closely adherent thereto, 
and is thickest at the middle line : peripherally it i)rojects as 
^papilhe,’ sinks into ‘ fossuhe,’ and is inverted to form the ducts 
or orifices of mucous follicles. The epithelium is scaly, thick 
and distinguishable into a deep layer adherent to the corium and 
a superficial layer which readily desquamates. The so-called 
^ papillaj ’ are processes of the corium, rather analogous to the 

* For further and more minute details of this exquisite arrangement of the nnis- 
culnr tissue for the functions of the tongue, reference should be made to the admirable 
article ccxl, in which the accomplished author, Hyde Salter, first described it. 
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villiform ones in tlie intestinal mucous membrane of some animals 
(vol. ii. p. 170), and subdividing, as in those, into the ^ villi ’ or 
papillas truly answerable to those of the skin ; the tongue - 
papilla) or processes differ, therefore, from the true dermal papilla) 
in standing freely out from the surface of the epithelium, Avhich 
is moulded upon them, and does not plaster them over to its own 
level. The so-called lingual papillae are of three kinds, ^ fossulate’ 


or circumvallate, ^ fungiform,’ and ^ conical,’ many of the latter 
being also called ^ filiform.’ 

The fossulate papilla, fig. 148, «, is large, obtuse, subpedun- 

culate, and arises from a fossa, 

a by the thickened and often 

^ crenate borders of which, c, it 
is surrounded. The nerves and 
vessels enter the papilla at its 
' pedicle ; and the expanded suni- 
‘ subdivides into the secon- 

‘ ^ ^ ‘ ‘ : ■ dary true papilhc, plastered over 

, ^ epithelium. The average 

Section of foasiiUitcvninUa (IG diam). ccxl. ^ i ^ ^ 

number of fossulate painllic in 
Man Is eight, arranged as in fig. lAl,/: there be sometimes ten, 
rarely move; often fewer than eight, but not less than four. 
Their arrangement may vary to that of an almost transverse 
line. They are supplied by branches of the glossopharyngeal; 
are very vascular ; and, from the thinness of the epithelium, 
appear red w\\eTv injected. 

The ^ fungiform YJapillie,’ fig. 149, B, are subY)cdunculate, but 


Section of toasiiUitc pniiilla (ifi diam). ccxl. 
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Fungiform papillai. cxi". 


smaller than the fossulate and rounder ; they are scattered over 
the sides and tip of the tongue, and on tTie dorsum anterior to 
the fossulate scries. They are rather larger than the filiform, 
and conspicuous by their red colour. They are covered by 
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The excess of the scaly 
fur’ f the 


secondary papillae, ib. A, in which the capillaries diverge and 
divide to form their brush of loops, as in fig. 149, b, receiving 
each its capillary loop, into the fasciculus of which the branch of 
the artery a and vein v sub- 1 50 

divides on entering the 
mushroom-like papilla or 
process. 

The conical papillae clothe 
as in a close-set pile the 
anterior two-thirds of the 
dorsum: they are longest 
at the mid-line near the 
centre of the tongue, small- 
est near the sides and 
at the tip. The cone-form, 
with secondary papillao down 
its sides, fig. 150, merges intQ 
the cylindrical form, fig. 

151, with a terminal brush of filaments, 
covering of these, ib. «, 5, c, forms the so-called 
tongue, which becomes separated 
from the deeper layer of epithe- 
lium, r/. In the conical variety, 
fig. 150, a is the basal mem- 
brane, 5, c, the ^ processes,’ sub- 
dividing into secondary or true 
papillae, ey the deep layer of 
epithelium^ /, the superficial 
layer, //, the points from which 
the filamentary prolongations 
would have projected : these 
sometimes resemble fine hairs. 

The function of such filiform 
papillaj appears to be ^ portative ’ 
and ^ protective,’ that of the coni- 
cal papilla) mainly ^ tactile,’ that 
of the fungiform and fossulatc 
ones ^ gustative : ’ behind the 
latter are the principal mucous 
follicles. 

The so-called gustatory branch 
of the fifth supplies the fungi- 
form, conical, and filiform papillae ; the glossopharyjigeal serves 
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the fossulatc pupillie and the mucous tract heluiid : the nint t 
or hypoglossal is expended upon the muscular tissue. 

§ 215? Organ of Smell-Most Mammals are remarbihle for 
the degree in which the sense of smell is serviceable. 1 he class 
is characterised by the extent of the pituitary surface and the 
size and number of the olfactory nerves ; nevertheless, both ex- 
tremes are therein exemplified, although the family {Dclphimda:) 
in which the organ is wanting is exceptional and maximised 
development the rule. 

The progress is not, as with the organ of taste, pan passu 
with the rise in the class : both Man and monkeys are below 
most quadrupeds in olfactory endowments. In hoofed ones smell 
is important in the the discrimination of wholesome from noxious 
food: taste would be a tedious test, the sapid matter needing to 
be moved about or masticated, mixed witli fluid, and more or less 
figsolred, before the tongue can exert its giistative power ; but 
‘swell is done at once.’' Most Besh-feeders scent afar their 
1ml 


In Minmals, as in all air-breathers, the odorous atoms strike 
vv\Kn\ tlie oU’uctuvy mcmliranc at the entry of the hrcatliinf^ 
\>a8sages, where t\\e atmosphere is filtered, as it were, through 
t\ie organ of smell before reaching the windpipe ; and most 
effectively and instructively in the pinnigrade Carnivora, 

The olfactory organ in Mammals receives its special endowment 
from nerves which rise in numbers from their proper encephalic 
centre, fig. 46, 47, R. They pass out by as many holes in the 
]date of the prefrontal, which is thence called the ^ cribriform,’ or, 
from the Greek-root, ‘ ethmoid:’ but the sieve-like structure is a 
strictly mammalian peculiarity consequent on the muttiplicity of 
olfactory nerves, and is only affected by a single excej)tion in 
this class, the Ornitborliynchus adhering to the wider Vertebrate 
rule. 

The nerves carry out with them, each an investment of the 
brain-membranes ; the dura mater losing itself in the periosteum, 
the pia mater in neurilemma, the arachnoid being reflected back. 
The nerves are grouped in all Mammals into a set for the 
se])tum, and a second for the upper or ethmo-turbinals, a third or 
middle short set being, in some, distinguishable for the labyrinth 
or roof of the nasal chamber. The branches of the second set, 
after expanding on the ethmo-turbinal, usually converge to 
become connected with the lateral nasal branch of the ^ fifth.’ 
Their mode of distribution is best seen on the ethmo-turbinal : 


‘ XX. vol. iii, p. 86. 



here they divide, subKidc, expand, and anastomose with each 
other, forming a reticulate nervous expanse, with long and narrow 
meshes, and becoming impacted in the central or inner layer of 
the olfactive membrane. This membrane is continued into the pi- 
tuitary one, covering the inferior spongy bone or ‘maxillo-turbinal’ 
supplied mainly by the fifth. Both tracts, and especially the 
latter, are richly supplied with arteries opening into numerous 
large plexiform veins on the peripheral side of the membrane, 
occasioning or resembling, there, a cavernous structure, and 
admitting of such change in the quantity of blood therem as must 
be attended with concomitant degrees of laxity or tension of the 
scenting membrane itself.* This at the attachment of the tur- 
binals is continuous with the lining of the nasal chamber j which 
itself becomes modified into the more delicate and still less vas- 
cular membrane of the contiguous or accessory air-sinuses. Tlie 
nasal membranes are finally continued at the posterior aperture 

into the mums membrane of the fauces and pharynx^ and at the 
anterior one into the integmeDts of the he, The pigmental 
layer of the skin is soon lost within the nose, the colour of the 
pituitary and oWictoij membranes being due to the abundant 
blood sent to them, ^fumerous mucous crjpts are imbedded in 
the pituitary part of the nasal membrane. 

The cavity containing the organ of smell is formed by the 
prefrontal, vomerine, nasal, sphenoid, pterygoid, palatine, max- 
illary, and premaxillary bones, and may be continued by exten- 
sion of air-sinnses into all tlic bones of the cranium, figs. 154 and 
157. The cavity is divided by a medial partition of bone and 
gristle in varying proportions, the bone being contributed by the 
prcfrontals, the vomer, and by ridges of the nasals, palatines, 
maxillaries, and premaxillarics, with whicli the vomer may 
articulate. Each half of the cavity is a passage for the respiratory 
currents of air, opening anteriorly upon a more or less produced 
and mohile part called ^ nose,’ ^ snout,’ or ^ proboscis,’ and pos- 
teriorly into a cavity containing the larynx or beginning of the 
windpijje ; sometimes, as in Cetacea and in Marsupials at their 
mammary stage, containing the larynx exclusively, but commonly 
communicating also with more or less of the pharynx. In the 
section of the human skull, fig. 152, the outer wall of the right 
nasal passage is shown, with the communicating frontal, 3 , and 
sphenoidal, 4, sinuses; i is the nasal bone, and a the nasal spine 

^ Lxxxii”, p 278, and liv. p. 128. (The second edition of this valuable and 
original work, 4to, 1864, is the one cited in the present volume.) 



of the frontal, forming the fore part of the roof, r, the 'basi- 
sphenoid, forming its back part ; the ^ cribriform plate and spine ’ 
of the prefrontal completing the roof : b is the nasal plate of the 
maxillary bounding laterally the anterior aperture ; d, pterygoid, 
similarly bounding the posterior aperture : the floor of the passage 
is formed by the premaxillary, 7, the maxillary, /e, and the pala- 
tine, 6. At the upper part of the outer wall is a thin quadrilateral 

part of the prefrontal sculp- 
tured by grooves and aper- 
tures for the olfactory nerves; 
the posterior part, /, is a 
little curved, and leaves a 
space into which the sphenoi- 
dal sinus opens. The con- 
volute, thin, reticulate, bony, 
and gristly lamina, called 
^ superior turbinal,’ is here 
attached, below which is the 
division of the general pas- 
sage, called ^superior mea- 
tus.’ This is bounded below 
by a similar longer and larger 
^ turbinal, ’ called ^ middle 
spongy bone’ in Anthropo- 
tomy, but usually less dis- 
tinct from the upper part of 
the ^ cthmo-turbinal ’ In lower Mammals. The part of the passage 
between the middle and lower turbinal is the ‘ middle meatus,’ 
into which the ‘ antrum ’ or maxillary sinus opens. The lower 
turVmal is the largest of the three, and longest retains its indi- 
viduality : below it is the ‘ inferior meatus,’ A, into which the 
lacrymal canal opens. 

In most lower Mammals there is a turbinal process from the 
frontal and nasal bones ; which, from its relative position in their 
horizontally elongated nasal chamber, is called the ‘superior 
spongy bone ’ (^oberste muschcl, Gurlt), by Hippotomists ; it is 
not the homologue of that so called in Anthropotomy. 

At the floor of the lower meatus, close to the premaxillo- 
m axillary ridge supporting the fore part of the septum, is a 
depression or groove lined by a glandular tract of the pituitary 
membrane which, in Ungulates, is extended upon a long and 
narrow gristly sheath at that part, and communicates with the 
palate by the foramen incisivum. From one to three of the 
septal branches of the olfactory, traceable from a yellowish grey 
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part of the rhinenccplialon, are continued down to this tract; 
hut it is princi])ally supplied, like the lower turbinal, by the naso- 
palatine nerve. ^ 

Characteristic of tlie mammalian organ of smell is the great 
provision made by bony and gristly laminae for the sjupport 
of the olfactory membranes. The original extent of these primi- 
tive capsules is augmented, as in a branchial organ, by manifold 
plicas and processes, usually so curved and contorted as to suggest 
the resemblance to turbinate univalves. The neurapophyses 
transmitting the nerves of the nasal segment of the skull 
are reduced, as has been shown, in Mammals, almost to their 
essential function; as such they appear in Cetacea (voL ii. 
p. 421, fig. 287, h). So reduced and withdrawn from outward 
view, they are further masked in the rest of the class by 
the agglutination thereto, or outgrowth therefrom, of the turbinal 
olfactory capsules : the whole, as agglomerated in them, receiving 
the name of ‘ sieve-bone ’ (aethmoid), from the exceptional pecu- 
liarity of the number of olfactory nerves in the Mammalian class. 
In fig. 153 is given an oblique view of this complex bone 
with the anchylosed sphenoid in the Hog. The confluent mesial 
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Osseous parts of olfactory capsules. IIok. 

Iainin 00 of the prcfrontals project as ^ crista galli ’ dividing the 
rhinencephalic fossae : to tlie under or outer part of the cribriform 
or perforated laminae of the neurapophyses the parts of the 
olfactory capsules called ^ labyrinths,’ y, and etlunoturbinals, .v, 
are anchylosed: the maxilloturbinals, p, remain longer distinct, 
and ultimately coalesce with the superior maxillaries. The con- 
volute plates attached to the roof of the nasal cliamber, fig. 157, 
here called ‘ naso-turbinals,’ are in most quadrupeds added to 
those shown in figs. 152 and 153. 

* XC", CXll". 
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In the Ornithorhynchus one olfactory nerve quits each rliinen- 
cephalon and escapes from the skull by a single foramen at the 
fore j)art of tlie prefrontal plate : it divides on entering the nasal 
cavity into septal and turbinal branches. The membrane re- 
ceiving the former is supported wholly on a bony plate: the 
turbinals arc partly bony, and partly gristly : a prcnasal ossicle is. 
formed in the forepart of the nasal septum. 

The olfactory nerves in the Echidna are extremely numerous, 
and the cribriform plate is large and encroaches upon the fore 
part of the cranial cavity as a convex protidicrance. Tlie ethmo- 
turbinals are of corresponding size, composed of a series of vertical 
processes which expand and subdivide as they pass toward the floor 
of tlie very long nasal passage. I have shown the lateral exjianse 
of these turbinals by a horizontal section in No. 1707, XLiv. p. .318. 

The olfactory nerves and the osseous cavities and laminie 
destined for the protection and support of the pituitary membrane 
offer a remarkable proportional development in all the Marsupials, 
and more especially in the Insectivorous and Carnivoi’ous tribes. 
Certain species of Kangaroo, of the subgenus Ospliranter^ Gould, 
remarkable for their acuteness of smell, have the turbinated bones 
so large that the lateral expansion of the nasal cavity forms a 
marked feature in the skull. The characters of the osseous 
j)arts of the nasal cavity, in this order, arc given in vol. ii. p. 348. 
Through the defective ossification of the palate the convolutions 
of the inferior turbinals arc visible in the dry skull at that part ; 
e.g. in Perameles layotis (vol. ii. fig. 222) and in Thylacinus, In 
the latter marsupial the fine lacework perforation of the inferior 
turbinals is well shoAvn. 

In the Hare the inferior turbinal is large, longitudinally la- 
mellate, and shows in av ell-injected specimens the highest degree 
of vascularity : the complexity of its medial or septal surface 
contrasts Avith the simplicity of that in Felines. The ethmotur- 
binals are divided into three principal lamella): the nasal cavity 
is long but narrow : the maxillary sinus is small. In the Agoutis 
the nasal chamber is more expanded: the ethmoturbinals Avhich 
consist each of four rather short longitudinal lamellas, are divided 
from the maxillo-turbinals by a protuberance from the mesial 
Avail of the large maxillary sinus: there is a small ^Jacobson’s’ 
process from the premaxillary at the loAver and fore part of the 
nasal cavity. In the Paca ( Codogenys) the olfactory cavity ex- 
tends backwards beneath the rhinencephalic one. In the Porcu- 
pines through the enormous development of sinuses from the 
olfactory cavity it extends backward beyond the rhinencephalic 
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one, which it appears to encompass. The latter cavity is defined 
by a well-marked ridge from the prosencephalic part of the 
cranium. The vomer is deeply cleft posteriorly, and coalesces 
with the ethmoturbinals. The fore part of the vomer articulates 
Mth the median ascending process of the premaxillary arching 
over the wide vacuities which lead from the nasal passages to 
tlie prepalatine apertures. Besides tlie maxillary sinuses others 
are developed in the frontals, squamosals, alisphenoids and orbito- 
sphenoids, with bony septa converging to the rhinencephalic 
fossae. No nasal sinuses or aircells are developed in the skull 
of the aquatic beavers. In the voles {Arvicola) a canal leads 
from the crescentic orifice at the fore part of the antorbital 
aperture into the lower part of the nasal meatus, above the pre- 
palatine fissures. In the rat {Mus decumaniis) it terminates 
below the attachment of the anterior turbinal to the premaxillary. 
In all Muridc^ the olfactory cavity is very narrow ; the ethmo- 
turbinal small and but little divided ; the lower turbinal is ele- 
vated in position. The external nose is short and, as in most 
Rodents, is clothed with hair save at the middle of the septum. 

In Insectivora the olfactorjf organ is better developed than in 
Rodentia, The ethmoturbinal of the mole has not fewer than 
eight primary lamellae ; but the maxilloturbinal is comparatively 
simple : the external nose is developed into a snout, with well- 
marked muscles for various and powerful movements. The de- 
velopment of this part is such ni some African Insectivora^ fig. 297, 
as to have earned for them the name of ^ Elephant-Shrews.’ The 
naked outer border of the nose in the common hedgehog is den- 
tated : and the edge of the snout is fringed in Condylura with a 
circle i)f soft processes. But these, like the still more extra- 
bidinary dermal appendages in certain bats {Rhinolophus) relate 
to touch. 

The armadillos and anteaters enjoy an acute sense of smell. 
In Dasypus •sexemetus the rhinencephalic almost equals the 
epencephalic division of the cranial cavity : but the olfactory 
chamber extends backward to beneath the prosencephalic division, 
and the ethmoturbinals are remarkably extensive and complex : 
the maxilloturbinal is comparatively simple. The turbinal plate 
of the nasal almost equals the facial plate in extent. The chief 
expansion of the cranium is caused by the large olfactory cavity, 
and the part extending therefrom into the frontals raises them in 
Chlamyphorus into a pair of domes (vol. ii. fig. 272, a). In most 
Armadillos the external nose or snout is strengthened by a pair 
of prenasal ossicles. The rhinencephalic chambers are large in 
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Orycteropus (ib. p. 404); but the olfactory ones are far more 
remarkable for both size and complexity. In the true Anteaters 
{Myrmeco 2 )haga) the ethmoturbinals, though large, are less de- 
veloped than in armadillos. The inferior turbinal is a long 
slightly rolled up lamina. In sloths, as described in vol. ii. 
p. 406, the olfactory chamber extends backwai'd above the 
rhinencephalic one into the frontal bone, and below it into the 
sphenoid. The extension of air-sinuses therefrom is still greater 
in the extinct megathcrioids (ib. 407). 

The baleen-bearing whales are those of the Cetacea which 
alone have olfactory nerves, although all possess the ^ crura 
rhinencephali.’ The pituitary membrane supported by the tur- 
binal bone is remarkable for the plexus of large vessels behind 
it. The cetacean modifications of the nasal passages will be 
described with the respiratory organs, to which they mainly 
relate. 

In Sirenia the nostrils are subterminal, at the top of the obtuse 
muzzle, and provided with movable gristles : the nasal passages 
contain both ethmo- and maxillo-turbinals, the latter, like the 


former, gristly ; the small almond-shaped bones wedged into the 

fore part of the frontals are, 



Sccllon of Elculiant'H skull, showing nasal passage. 


as Cuvier held, nasals, not 
turbinals.^ The nasal passages 
are short, narrow, sub vertical : 
the ethmoturbinal is short and 
longitudinally lamellate. The 
olfactory nerves are fewer 
and the cribriform plates 
smaller in the Dugong than 
in the Manatee. 

In the Elephant that part 
of the nasal cavity, fig. 154, 
which is appropriated to the 
essential parts of the olfac- 
tory organ is contracted and 
narrow, and the passages, a, 
b, are relatively short : they 
are, how ever, much prolonged 
by the accessory appendage, 
called ^ trunk,^ at the extre- 
mity of which open the nos- 


trils (vol. ii. p. 282, fig. 162, n), and are as much expanded 


* < Cornets inf^iieurs,’ De Bl. ; civ'. Gravigradcfs, p. 39. 
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by the surrounding air sinuses, which ])ervade every bone of the 
cranium. The bony nasal ])assage is continued in almost a 
straight line from the anterior aperture, «, to the posterior one, 
h. The vomerine part of the septum, 13, extends from the pre- 
sphenoid about half-way to the anterior aperture. At the upper 
part of the cavity, so divided, the ethmoturbinals are situated, 
which are moderately plicated : the maxillary turbinal is, also, 
comparatively simple in character. 

In the Tapir the shorter proboscis terminates by a small 
])ointcd extremity between the nostrils. The snout is covered 
with hair to the base of the terminal apjjcndagc ; the hair on the 
uj)per part tending up ward or backward, that on the sides toward 
the tip. The cribriform plate is not simply perforate, but is re- 
ticulate, with long radiating meshes, the latter closed by dura 
mater : it sends down curved lamelhe, sheathing the olfactory 
nerves. The ethmoturbinal consists of as many convolute divi- 
sions attached to, or continued from, those processes, in a pedun- 
culate way ; and each is perfo- 
rated by many foramina through 
which branches of the olfactory 
I)ass to the pituitary membrane. 

The maxillary turbinal is elon- 
gate and simply convolute. 

The nasal cartilages show the 
chief modification, the alar 
portions, fig. 155, n, being 
continued backward, expand- 
ing, and filling the peculiar 
grooves of the skull (vol. ii. 
f).449) between the nasal bones 
and orbits, o : here the cartilages arc semicon volute, convex, and 
entire outwardly, excavated on the inner side, the cavity being 
continued by a groove into the nasal one at the sides of the outer 
aperture : from the character of the lining membrane, it may be 
regarded as an extension of ‘Jacobson’s fossa.’ The ‘levator 
rostri,’ or raiser of the short proboscis, fig. 155, a, arises from the 
process of the lacryrnal, runs in a fibrous sheath, converging to 
its fellow, and is inserted into the upper or fore-side of the })art 
which, together, they raise, or, acting separately, draw to their 
own sjde. ‘ A broader muscle, ‘ retractor labii,’ from tlie same 
origin expands to its insertion at the side of the labial part of the 
base of the proboscis. Beneath this is the muscle, c, which 
rising from the lower border of the lacrvmal, sjireads ujion the 
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side of the proboscis, and is intimately connected with the ^ orbi- 
cularis oris,’ d d; e is the zygomatic, / the depressor anguli oris, 
ff the buccinator. ‘ The external nose of the Rhinoceros is com- 
bined with the upper lip and prolonged in a minor degree, but 
with a like arrangement of muscles, for prehensile purposes. 
The nose of the Horse is chiefly peculiar for the power of the 
dilating and contracting each nostril, such movements being sub- 
served by a lateral semilunar 
cartilage, fig. 156, A, ; by a de- 
pression or fold of contiguous 
skin, called ‘ false nostril ’ in 
Hippotomy, and by the hoino- 
logues of the muscles of the 
combined nose and lip of the 
Tapir. In fig. 156, a is the 
^ levator rostri ; ’ 5 is the ^ re- 
tractor labii alajque nasi;’ c is 
the muscle called ^ transversus 
nasi,’ in Hippotomy ; e is the 
zygomaticus; f marks the in- 
sertion of a muscle, ^ pyrami- 
dalis ’ of Hippotomy, which 
arises by a slender tendon from 
the maxillary, and gliding be- 
neath the labial part of 5, ex- 
pands to be inserted, fleshy, into 
the outer border of the nostril 
and contiguous skin-folds. 

The Horse is remarkable for 
the size of the rhin encephalon 
and the extent of the cribriform 
plate transmitting its nerves to 

MiiHcles of no«tril9 and upper lip. ^ 

series of about ten short longitudinal folds directed forward and a 
little downward, forming the ^ ethmoidal labyrinth’ of Hippotomy, 
the upper larger division being the ^ ethmoturbinal ; ’ a longer, 
larger, more simply disposed plate, attached to both prefrontals 
and nasals, and chiefly descending from the latter bones, forms 
the ^ nasoturbinal ; ’ beneath this is the * maxilloturbinal,’ of 
about the same vertical extent, and almost the same length, • The 
bony septum contributed by the coalesced prefrontals, forms, 
superiorly, about one-fourth of the general partition : the vomer 

' xcni. pp. 20— 2f). 
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extends, beneath it, along about three-fourths of the lower third 
of the septum, but subsides to a point ; the major part of the 
septum is gristly. 

In the Hippopotamus the nostrils are relatively small, promi- 
nent, wide apart, and are served by muscles which open and 
close them like the eyelids, besides protruding and retracting 
them. The accessory sinuses of the nasal chamber are very 
little developed. Their extent and size offer a great contrast in 
the Ilog-tribe, in which the essential parts of the olfactory organ 
arc also relatively larger and more complex. The rhinencepha- 
lon is large, with many nerves, and the cribriform plate of great 
extent : the ‘ labyrinthic ’ part of the capsule attached to its 
under or outer surface forms nine or ten longitudinal, slightly 
diverging folds, fig. 153, < 7 , the three or four uppermost of which 
coalesce to form the ethmoturbinal, which is long, slender, 
subconvolute, and attenuated to a fine point forward, ib. s. 
This figure gives an oblique view of the ^ labyrinth,’ q, and 
ethmoturbinal, s, of the right and left sides. The nasoturbinal 
is of moderate length. The somewhat deeper and more con- 
volute ‘ maxilloturbinal ’ is shown at p : the accessory ^ nasopa- 
latine ’ fossa, at A. The pterygoid, jf, bounding the posterior nasal 
opening is excavated and expanded above by a sinus continuous 
with those of the sphenoid, n. The accessory sinuses of the 
nasal chamber are very considerable in the Hog-tribe: the 
frontal ones (vol.ii. p. 468, fig. 315, 11 , young Pig) extend back- 
ward over the calvarium to the occiput in the Boar: a structure 
well shown in the Babyroussa, No. 3346,’ in which preparation 
ihe extension of the sjdienoidal sinus (ib. fig. 315, f) into the 
base of the pterygoid is demonstrated, where it is divided into 
an external and internal compartment. In Phacochcerus the 
})terygo-nasal fossa is simple, and the frontal are almost separated 
from the parietal sinuses by the near approximation of the inner 
to the outer table of the skull. The pterygo-nasal fosste are 
absent in Picoti/les, In all Suidee the external nose is somewhat 
prolonged and truncate, the nostrils opening upon a naked disc : 
the cartilages of the nose form a complete tube, which is a con- 
tinuation of the bony nostrils, and near the end of the snout 
the cartilaginous septum becomes ossified, and forms the prenasal 
ossicle (ib. fig. 315, o). 

In the Ox the cribriform plate is relatively smaller and the 
olfactory nerves fewer than in the Horse : the labyrinthic part of 
the ethmoid consists of about six short narrow longitudinal 

* xLiv. p. 557 . 
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folds, most of which coalesce to form a larger and more simple 
' ethitioturbinal than in the Horse ; the nasoturbinal is very long 
and slender ; the maxillotiirbinal of much greater extent, espe- 
cially in vertical diameter : it terminates forward obtusely. In 
the Sheep the nasoturbinal is relatively deeper and less pointed 
than in the Ox. Tlie nasal passages, from the lower border of 
their anterior outlet, traverse nearly three-fourths of the longi- 
tudinal extent of the long and slender skull of the Giraffe, fig. 
lo7. The i.f)per folds of the ‘labyrinth ’ coalesce, and are })ro- 
duced into the moderately long and deep ethinoturbinal ’ : 

the ‘ nasotu]-binal,Vy, deepest behind, is longer and more pointed 



r.rft lialf of iia.'.il ravili aiul turl)iiials, ex^oseii in socticni of <*rnniuiii ; (JlrafTc. A»:vir 


anteriorly than in other Ruminants ; the ‘ maxillotiirbinal,* e, is 
large and deep, finely reticulate or peidbratc ; it is crossed by 
part of the vomer in fig. 157. The extent to which the air- 
sinuses communicating with the nasal chamber are extended is 
shown in this section, and noted in vol. ii. pp. 477, 478. The 
nasopalatine nerve entering the chamber below the fore-end of 
the ethmoturbinal receives some part of the olfactory filaments 
converging toward that end, then sends upward and forward a 
small branch to the nasoturbinal ; a larger branch downward and 
outward to the oliambcr-wall and its lining ; the main part being 
expanded on the long nasoturbinal. 

In the Ruminants a gradation may be traced in the extent of 
the glandular and, in health, moist part of the skin of the ex- 
tonal nosCj from the Sheep, where it is a mere linear tract from 
the mid-furrow of the upper lip bifurcating to each oblique nostril. 
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through the Roebuck, Fallow-deer, Red-deer, to the Ox, where it 
constitutes the broad naked muzzle.' 

The organ of smell in Carnivora mainly diffe.’S from that of 
hoofed Herbivora in the greater relative size and strength of the 
ethmoturbinal, the shorter, deeper, more massive and much more 
subdivided ^ maxillotiirbinal.’ In the Lion the ethmoturbinal is 
of a pyramidal form, its broad base continued from the short 
labyrinthic part attached to the cribriform plate, its apex termi- 
nating forward, between the naso- and maxillo-turbinal. The 
mesial surface of the ethmoturbinal shows numerous furrows, 
two of which are longitudinal and parallel with the upper margin 
of the bone, tlie others radiating from the lower part of the 
attached base : the lateral or outer surface is less complex and 
extensive ; but, on removing the outer layer, a series of con- 
(iontric curved folds are exposed. The ‘ nasoturbinal,’ holding as 
in Ungulates th^ highest position, is an elongate cone, co- 
extensive with the roof of the nasal cavity and with its base 
opposite to the frontal sinus ; the mesial surface shows a series 
(^f deep arched folds ; the lateral one seems more even, but when 
the peripheral lamella is removed a series of longitiuSial folds of 
tlie bone is brought into view, beneath which arc concentric folds 
arched or curved in the o])posite direction to those in the ethmo- 
turbinal. The maxilloturbinal is fusiform ; the hind end is at- 
tached to the outer wall of the nasal chamber below the middle of 
the nasoturbinal ; whence the bone rises and expands, crossing 
the anterior end of the ethmoturbinal, and again diminishing to its 
anterior and upper attachment behind the external bony nostril. 
From its position, therefore, the odorous atoms, in inspiration, 
must first impinge upon this bone, and the pituitary membrane 
is thicker and more vascular than on the other turbinals. Its 
mesial or septal surface presents one curved groove, parallel with 
and near to the lower margin of the bone : the outer surface has 
a like character. Tlie more glandular part of the pituitary mem- 
brane is at the fore part of the floor of the nasal chamber, not 
occupying so deep a fossa as in Ungulates. 

The sources and distribution of the nervous supply corresponds 
with that noted in the Giraffe ; the septal branches of the olfac- 
tory curve down toward the thickened base of the partition. In 
the Dog, the longitudinal folds of the "labyrinth ’are about four, 
fewer in number but larger than in the Sheep : the aBthmoturbinal 
is continued from the undermost and curves upward slightly to 

' This was pointed out to me by the estimable and justly famed water-colour 
artist and animal painter, Uobkut Hills, F.L.S. 
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the nasoturbinal as it advances : the maxilloturbinal is shorter, 
relatively broader and deeper, and much more extensively folded 
than in the Lion. This is the part of the olfactory organ that 
reaches the extreme of turbinal development in the Seal-tribe. 
In the large species dissected for the preparation. No. 1557, the 
maxilloturbinal is attached by its contracted extremities, the 
intervening enormously swollen mass is divided by a deep longi- 
tudinal furrow into two parts ; the free surface of which is singu- 
larly complicated by folds, radiating from both extremities of the 
bone and subdividing dichotomously. ^ These turbinals seem to 
block up the entry of the nasal respiratory passages, and must 
warm the air in arctic latitudes as well as arrest every indication 
from the effluvia of alimentary substances or prey. The nasotur- 
binals, in some OtaricB, extend backward, with the nasal chamber, 
above the long rhinencephalic compartment of the cranium. 

In the Quadrumaiia the nasal chamber loses#ength and gains, 
but in less proportion, depth and breadth, from the Lemurs up 
to the Apes : the maxilloturbinal ceases to be suspended by its ex- 
tremities, and acquires a linear longitudinal attachment externally 
to a ridge €k the maxillary wall of the nasal chamber. This tur- 
binal is divided into two chief parts lengthwise, in Lemuridce, where 
it is longest ; the nostrils are here terminal, the anterior expan- 
sion of the septal cartilage curves outward and downward on 
each side, and, with a corresponding degree of curvation of the 
principal alar cartilage, gives a subconvolute form of nostril 
to most Strepsirhines. In the Aye-aye they describe a semi- 
circle ; and the nasal chamber by its shortness, depth, and pre- 
dominance of the ethmo- over the maxillo-turbinals exemplifies 
the quadrumanous affinities of the species.^ In Platyrhinc 
monkeys, the septal cartilage is remarkable for the transverse 
extent of its anterior terminal expansion between the nostrils, 
pushing them and their alar cartilages outward. In Catarrhines 
this expansion is much reduced ; and the nostrils are obliquely 
approximated. In both groups the nostrils cease to be ter- 
minal; in a Bornean Douc {Semnopithecus nasicus), the nos- 
trils are produced upon an ill-shapen prominent subcylindrical 
nose. In the Gorilla each nostril is surmounted by a broad 
prominence, arching outward from a lower part impressed by a 
median furrow ; a deeper indent divides the nasal ala from the 
cheek; the aspect of the nostrils is forward and a little out- 
ward. The septal cartilage extends to the tip of the interalar 
prominence. 

* XX. vol. iii. p. 100. 


^ cii'. p. 18, pi. viil. fig. 6. 
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In Man the number of olfactory nerves varies from fifteen to 
twenty: after traversing the cribriform plate, they divide into 
two chief sets, " septal ’ and ^ turbinal,’ and ramify between the 
periosteum and the pituitary membrane before terminating on the 
latter. The septal nerves, fig. 158, «, are about twelve in 
number, are quickly resolved into brushes 
of filaments, which unite together to form 



Hraiiohoa <»f the olfactory and nasopalatine ncr\oa on the Alar cartilages, human iiosc. 

8ei>tuni of the nose. xciv. xciv". 


finer plexuses, traceable to near the base of the septum. The 
posterior fourth of the septal membrane is chiefly supplied by the 
nasopalatine nerve, h. The ^ tiirbinal ’ or labyrinthic olfactory 
nerves are more numerous, rather smaller, and more plainly 
anastomotic in their course over the upper and middle turbinals, 
lying in grooves of the former, and extended chiefly upon the 
inner and lower front of the midturbinal ; a few combine with 
that part of the nasopalatine which supplies the lower part of the 
middle turbinal. The lower turbinal is almost exclusively sup- 
plied by a branch of the ^nasopalatine.’ The main charac- 
teristic of the human organ of smell is the prominence of the 
fore-part of the chamber, having the nostrils on its lower surface, 
and constituting the feature emphatically called the ^ nose,’ figs. 
159, 161. The formative fold of integument is supported by 
eleven cartilages, of which one is medial, the others lateral, 
in five pairs. The medial or ^ septal ’ cartilage, fig. 160, is usually 
triangular, with three unequally curved margins : the upper one. 
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is fixed ill the groove of the ^ perjiendicular plate of the 
ethmoid/ the lower border, fits into the front groove of the 
1 vomer ; the anterior border, c, 

extends from the nasal bones, 
where it is thickest, as at 2 , </, 
and grows thinner down 
toward the apex of the nose. 
The varying proportions and 
form of the septal cartilage 
mainly govern the shape and 
prominence of the nose ; it 
is least developed but thick- 
est in the Negro and Papuan 
cartilages vary in size and shape, the upper 
1«59, /'/, is triangular, continuous in front with its fellow, 
where they are closely connected with 
the upper half of the anterior border, 
fig, 160, c, of the septal cartilage. 
The largest of the ^ alar ’ or ^ pinnate ’ 
cartilages, fig. 159, />, is bent iijion 
itscff, almost surrounding and go- 
verning the shape of the nostril : 
it is movably connected with the 
lower and outer part of «. To the 
outer and hinder apex of the carti- 
lage />, is joined the first of the three 
small cartilages, c, r/, c, which sup- 
port the posterior convex part of tlie 
‘ ala ’ or wing of the nose. The flex- 
ible fibrous tissue connecting these 
elastic cartilages allow of the move- 
ments of the j)arts to be readily pro- 
duced, and the muscles are accord- 
ingly feeble. The ^ pyramidalis nasi,’ 
fig. 161, c, is continued from the 
medial portion of the ‘ frontalis,’ fig. 
28,/*, which descends over the upper 
part of the nose to the celhdar tis- 
sue covering the cartilage, and thence onward to combine 
with fibres of the ^triangularis nasi,’ fig. 161, c, and fig. 29, 7 /. The 
^ levator labii superioris alaequenasi’ is shown at dd, fig. 161 ; in 
the degree in which the alar is distinct from the labial portion, 
or has been distinctly exercised, the wings of the nose can be cx- 
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paiided independently of any other movement of the face. The 
^ depressor also nasi,’ ib. /, arises from the outer border of the 
sockets of the canine and contiguous incisor: the fibres ascend 
to the ala 5 , many of them arching over the outer and back pro- 
minence of the nostril. The ^ depressor septi,’ ib. A, is detached 
from the upper part of the ^orbicularis oris,’ fig. 29, oo, the 
fibres converging from each side toward the nasal septum. The 
small triangular patch of pale fibres, fig. 161, g, is the ^ com- 
pressor narium minor : ’ the larger quadrilateral muscle. A, is the 
^ levator alas proprius.’ In races, like the Minco})ies of the 
Andaman Islands * who scent the ripeness of indigenous fruits, 
moving the thick alie of their squab nose, as they explore their 
dark forests for this purpose, the nasal muscles may be expected 
to be well and instructively developed. 

§ 216. Organ of Hearing , — The advance in this sense-organ in 
the mammalian class is seen m the extension of the cochlea, 


fig. 162,/, into coils suggesting the name; in the greater projK)r- 
tion of the perilymph ; in the ossification of the cartilages between 
the stapes and tympanum forming the ^ mal- 


leus,’ and commonly also the ^ incuB and in 
tlie presence, save in most swimmers and bur- 
rowers, of an external ear or conch, served by 
muscles for various movements to catch the 
sound. Besides the cochlea, the labyrinth, 
fig. 162, includes, as in other Vertebrates, the 



semicircular canals, c, d, c, and the interine- 
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diatc space or ^ vestibule,’ a, by which they 


noAv communicate with the cochlea. The semicircular canals 


form a smaller proportion of the labyrinth in Mammals than in 
lower Vertebrates; they retain, however, their posterior position 
to the vestibule and cochlea. 


The larger opening in the bony wall of the labyrinth is called, 
from its shape in Man, the ^ foramen ovale,’ or, from its situation 
in the labyrinth, ^fenestra vestibuli,’ fig. 162, a: it is closed by 
the base of the stapes. A smaller ^ round aperture,’ ib. A, is 
called ^ fenestra cochleaj,’ because it forms the terminal orifice by 
which one of the turns of that part, ^ scala tympani,’ would open 
into the tympanum, were it not naturally closed by membrane. 

A depression in the petrosal or bony case of the labyrinfli 
receives the facial and acoustic nerves, and terminates in a cul-de- 


sac, one division of which gives passage to the facial, fig. 165, A; 
the others receive divisions of the acoustic nerve, and transmit 


XXXVll". 
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them, by sieve-iike plates, to the labyrinth; an anterior main one, 
ib. r, going to the cochlea, anti posterior ones, ib. supplying 

the vestibule and semicircular canals. 

The labyrinth is lined by a delicate membrane closing, as it 
l)asses, the fenestra tympani, whence it is plainly continued into 
the cochlea, and completes the spiral septum of that part : con- 
tinued over the vestibule, the lining membrane is, applied to 
the base of the stapes which closes the * fenestra vestibuli,’ and 
it lines the semicircular canals. This membrane also extends 
along two very narrow canals continued from the labyrinth 
to the exterior of the petrosal, where it passes into the peri- 
osteum or dura mater of that 
part. One of the canals com- 
mences at the vestibule, at 
p, fig. 163 ; the other from 
the tympanic ‘ seal a ’ of the 
cochlea, at v : the serous fluid 
of the labyrinth passes through 
these canals to the general 
arachnoid receptacle of the cere- 
bral serosity, and they were ac- 
cordingly termed ^aqueducts,’ 
and distinguished as ‘ vestibular ’ and ^ cochlear.’ Minute blood- 
vessels are continued along both canals ; but their constancy and 
their relation as the intercommunicating medium between the 
acoustic and cranial serosity indicate a function Avhich justifies 
the precision with which they have been described by Cotugno.^ 
The anthropotomical ‘ aqueducts ’ show the last trace of that com- 
munity, so extensive in fishes (vol. i. fig. 227 ), in the differentiation 
of the cranial from the otocranial cavities. 

The mammalian cochlea consists of a spiral tube, fig. 163 , dy r, ty 
usually describing two turns and a half, and narrowing toward 
the apex, the vaulted roof of which forms the ‘ cupola,’ fig. 164 , c. 
The internal wall of the cochlear spire and the space it includes 
form the ^modiolus,’ ^columella,’ or hollow central pillar, ib. i, 2 , 
which, from the wider sweep taken by the first turn, is broadest 
below. Here enters the trunk, ib. a, «, of the cochlear division 
of the acoustic nerve, and the foramina by which its fibrils pene- 
trate the spiral canal extend along a part of the modiolus called 
‘ tractus spiralis foraminulentus.’ The tube of the cochlea is 
divided into two ])assages or ^ scalas ’ by a delicate plate of bone, 
fig. 163 , < 7 , qy attached to the inner or modiolar wall of the turns, 
and projecting freely into their cavity toward the outer wall : the 
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Tlio iiibyriutlitc cavity of tlie right ship, magnified 
two diameters. Human, xov'ir*. 
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lining membrane extends from this plate to the outer wall, fig. 1(J4, 
e, and completes the separation of the two seal®. The attach- 
ment of the base of the ^ lamina spiralis ’ is not solid, but indicates 
its constitution by two confluent layers, which here separate and 
intercept the minute channel called ^ canalis spiralis modioli.’ 


Towards the apex of the 
cochlea the spiral plate 
becomes free, and forms 
the part called ^ hamulus,’ 
fig. 164, 7. Here the two 
seal® intercommunicate, 
as shown by the bristle in 
fig. 164, which emerges 
above at the opening 
termed ^ helicotrema,’ ib. 
8 : the apical part of the 
spiral lamina is formed by 
an onward extension of the 
lining membrane of the 


1G+ 



Section of Ooclilca, parallel with its axis, magn. xevr*. 


cochlea, bounding the up- 
per part of the columellar canal called ^ infundibulum,’ ib. 2. In 


the section here exhibited the lower, 5, is the tympanic, the upper. 


c, the vestibular, division of the whorl divided by the partition, 


e, which is thus seen to be formed 


by the osseous plate supporting 
the nerve-filaments, h, the layer 
of membrane lining the tympanic 
scala, 5, and that lining the vesti- 
bular seal a, 6 ; the two coalescing 
beyond the bone, and becoming 
thickened at where they again 
pass into the parietal lining. The 
cochlea is essentially a develop- 
ment of the petrosal capsule im- 
mediately related to the bone of 
the head and its vibrations. The 
membranous labyrinth, fig. 165, 
retains, in Mammals, its common 
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vertebrate character, extending Magniiiea. xevr. 

through the semicircular canals and vestibule, but not beyond the 


part of the latter whence the cochlea is prolonged to its mam- 
malian extent: the sacculus, ib. fj retains the homologue of the 
otolite of that part in fishes and reptiles ; the second otolite, c, is 
also commonly present in the body of the vestibule : both are in 


'22-i 


ANATOMY OK VERTEBRATES. 


the condition of pulverulent aggregates of combined carbonate 
and phosphate of lime, the latter in greater proportion in Mammals 
than in Fishes: the particles are held together by a mucous 
tissue. The membranous labyrinth has a ciliate inner surface, 
and contains a thinner ^ endolymph ’ than in fishes : it is suspended 
ill the common serosity of the bony labyrinth, which is distin- 
guished as ^ perilymph.’ ' , 

Taking a retrospect of the course of the ear-organ, the primitive, 
constant, and essential element is the ^ sacculus,’ fig. 165, c,y*, with 
its otolites, which receive the proportion of the nerve-supply not 
resolved into the pnlpy lining of their bag : this simple condition 
obtains in Cephalopods.’ In the Myxine something like one bent 
canal, and in the Lamprey two, are continued from the sacculus : 
in all higher Vertebrates the three semicircular canals .are 
established ; but in most fishes they float, as shown in vol. i. 
j). 342, fig. 227, in the common serosity of the cranium; their 
special bony cases, intercei)ting so much of the arachnoid fluid as 
now forms the ^ perilymph,’ are subsequently developed : finally 
is added the complex cochlea, into which the primitive mem- 
branous labyrinth is not extended. 

In fishes, where the acoustic nerves arc affected by vibrations 
of the endolymph propagated from the cranium or the body gene- 
rally, the otolites are large, and usually of crystalline density. In 
jiir- breathers the sonorous vibrations of the atmosphere are more 
directly received : they first strike upon a membrane set in a frame 
and stretched across the opening of an air-chamber, like a drum. 
In Mammals the ^membrana tympani’is more delicate than in 
Reptiles, and, with few exceptions, is concave outwardly. Sound 
is usually collected into a conch, the hollow of which can be 
directed to its source. The medium of acoustic communi- 
cation between the drum-membrane and the labyrinth undci- 

goes also, in Mammals, that instructive 
course of ossification and development 
which converts the avian columella and 
its cartilages into the chain of little 
bones called ‘ otosteals.’ These, after 
the external ear, are the seat of the 
chief modifications of the organ in the 
present class. They retain, in Main- 
maliay the names suggested by their 
shape in Man, viz. ^ stapes,’ fig. 166, c, 

^ incus,’ n, and ‘ malleus,’ A : a small 
c]iii)hjsis between n e and c a, when separate, is the ‘ orbicularc ’ 

‘ CIV. p. 294, and ccxiix. p. 019. 
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lirough this tube the air is 


Tyiiii'-uium and eu^itacliian Ifiiiiian, iiaf. size, 

xcvn/**. 


or ‘ lenticular’ ossicle. To maintain an equable pressure on both 
sides of the membrana tyini)ani, and facilitate the movements of 
the otosteals on each other, ig; 

atmospheric air is admitted 

into tlie cavity, as in other ^ 

air-breathers, by the tube ^ ^ 

called ^eustachian,’ fig. 167, 

c, continued from the back ^ 

of the nose or mouth to the 

tympanum. In passing f' { J' 

through this tube the air is 

warmed, and a proper at- V 

mosphere main tained i n fron t 

of the membranous parts of Tyiui*anmn and eu^itacliian UDm-. Unman, naf. size, 

the walls of the labyrinth. ' 

The structure of the ear-organ in Cetacea is highly suggestive 
and interesting : it is, as Hunter remarks, ‘ upon the same prin- 
ciple as in the quadruped;’ jGg 

yet the outer opening and — 

passage leading therefrom 
to the tympanum can rarely 
be affected by sonorous vi- 
brations of the atmosi)here, 
and indeed they are re- 
duced, or have degenerated, 
to a degree which makes it 
difficult to conceive how 
such vibrations can be pro- 
])agated to the ear-drum 
during the brief moments 
in which the opening may 
be raised above the water. 

In a full-sized Cachalot it 
is a longitudinal slit one 
inch in length, admitting 
with difficulty the end of 
the fore-finger. In our com- 
mon porpoises and dolphins 
this opening is so small as 
to require search in detect- 
fig* 168, a : it leads to 
a flexible membranous canal 

capable of receding, in organ of hearing, Dolplilnus.njit. size. XX. 
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Delphinus tursio, a Bog’s bristle : baving passed tliroiigb the skin 
and blubber, it makes a sudden bend upon itself, at 6, and is then 
continued by a course of about an inch and a half to the ear-drum, 
where it rather suddenly expands : in the subcutaneous part of 
its course the walls are strengthened by a few longitudinal carti- 
lages with elastic connections, allowing of slight changes in length 
and disposition ; but the walls are in contact throughout most of 
the narrow part of the tube. The ear-drum is concave exter- 
nally in l)elphinid<s and Physeteridm ; but in a Balcenoptera 
Hunter found it projecting with an unusual degree of convexity 
into the dilated inner termination of the meatus. 

The density of the osseous tissue of the tym])anic bone, ib. c, 
recalls that of the large otolites of fishes, and the almost free 
suspension of this singularly shaped siibconvolute mass suggests 
that it may be affected, like those otolites, by the sonorous vibra- 
tions which are propagated 
through the water and strike 
upon the outer surface of the 
head of the Cetacea, How- 
soever the ear-drum may be 
agitated, whether by a pos- 
sible entry and propagation 
of air- vibrations through the 
meatus, «, or by an affection 
of the dense and massive bone, 
fig. 169, a, supporting it, the 
vibrations are conducted by 
a triangular plate of fibrous 
tissue, ib. /*, to the handle of 
the malleus, jy, one margin of 
the transmitting plate being 
attached to about three- 
fourths of the long axis of 
the inner surface of the ear-drum; but this is extended at e 
beyond the circumference of the inner termination of the bony 
meatus. The malleus articulates in the usual mammalian way 
with the incus, A, and the inner crus of this with the stapes, ^, the 
thick, marginally rounded, elliptical base of which is deeply sunk 
into the ‘ fenestra ovalis : ’ there it is arrested by and presses 
against the continuation of the lining membrane of the vestibule, 
which, like the drum-membrane, is affected by the movements of 
the attached ossicle : these are due to a ^ stapideus ’ muscle, 
fig. 169, 0 , inserted into the neck of the stapes so as to pull it at 
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an angle of 45® with the plane of the base : and, by depressing 
this into the ^ fenestra,’ to make tense the closing curtain and sot 
in motion the perilymph. The muscle, ib. ?«, which seems to 
answer to the ^ tensor tympani,’ degenerates, in most Cetacea, into 
tissue which becomes ossified and fixes the malleus to the wall of 
the tympanum. In all Cetacea the otostcals arc dense and massive. 
In Delpliinus leucos the stapes is imperforate, as in the Walrus, 
fig. 170, c: in Phoccena communis, ib. n, there is a small hole. 
From the inner or mesial and anterior end of the tympanum the 
fhistachian canal is continued, which terminates, as shown by the 
[)robe, d, in fig. 1(38, in the fauces above the posterior part of the 
bony palate which has been cut awjiy to expose it, the 2)arts being 
displaygd from below. The tube is membranous throughout, not 
1 raversing any bony canal. In the porpoise its inner surfiice is 
jjrovidcd with folds like valves, with the free margin directed to 
the nasal outlet of the tube : this part communicates with sinuses, 
some leading to a cellular structure, others compared by Hunter 
^ to the larffe ba<x on the basis of the skull of the horse.’ * The 
cotacean labyrinth is excavated in a petrosal capsule, fig. 169, h, m, 
of the same dense kind of bone as the tympanic, but of an 
irregular sha])e, and attached by a short, thin, easily fractured 
plate to the tym])anic. The usual mammalian characters here 
prevail : the cochlea, k, is indeed relatively larger, compared 
with the semicircular canals, than in other Mammals, and differs, 
in Deljdiinldxp., in the greater extent and form *of the ^ seal a 
vestibuli,’ whi(di more resembles a complete tube than the half of 
such divided in the direction of its axis: it also describes an 
<)l)liquc sigmoid curve on leaving the vestibule before it com- 
mences its S})iral turns, which arc two and a half in number, and 
rather more depressc^d than usual. The aqueductus cochleie is 
large in Dc1phhdda\ 'The fenestra ovalis is bordered by a rim 
for the sta])cs. The fenestra rotunda is relatively large, and is 
divided, the lower canal passing along the wall of the scala ves- 
tibuli and conveying a part of the cochlear nerve. The acoustic 
nerve is large. 

In Man it has been found that the fall of a drop of water on 
that with which the meatus has been filled affects the air in the 
tympanum, so as to produce a sensible impression of sound.^ The 
membrane closing the fenestra cochlea) transmits its vibrations to 
the fillip filling the corresponding cone or ^ scala,’ which would be 
propagated at the*apical communication along the other cone to 
the vestilnde : the Cetacea, with their meatus and ear-drum in a 

* xoiv. p. 382 (1787). '■* Si*c Carlisle’s cxporiincnt in cii", p. 207. 
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like condition, would thus be affected by any sonorous vibrations 
that might be propagated to the tympanic cavity ; and the share 
which the cochlea would take in their application to the acoustic 
nerves may exjilain the large proportional size of that part of the 
labyrinth and of the foramen rotundmn, 

111 Sirenia the acoustic capsule is sinaJJ, but dense in structure ; 
it coalesces with the tympanic and mastoid, and the comjiound 
ear-bone is partly lodged in a large hemispheric cavity of tlie 
squamosal, and partly projects into the wide vacuity between 
that bone, the basisplienoid, and basioccipital. The otosteals 
are relatively large, especially the stapes, fig. 170, e (Manatas), 

which forms a massive, elon- 
gate, conical, subcon^iressed 
ossicle, truncate atop and ob- 
liquely perforated above its 
oval convex base : the incus is 
a much smaller bone with one 
crus thick, the other short and 
styliform ; the nuilleus has a 
large irregularly globose head 
and a handle terminated by an 
abrupt point. The massiveness of the malleus of the Porpoise, 
ib. n, and Walrus, ib. c, has already been referred to : in the Seal, 
ib. B, the bone has lost less of the character of the mammalian 
stapes. In the Ornithorln/nchus the avian type, ib. A, is retained, 
and the prolongation of the column has not developed the pro- 
cesses marking out the incus, as in the marsupial, fig. 171. 

In Monotremnta the acoustic nerve is expended upon a laby- 
rinth remarkable for the small relative size of the semicircular 
canals and the free projection of their bony wall into the cranial 
cavity. The cochlea is wide, but not high ; it is bent in two 
turns, divided as usual into a vestibular and tympanic scala. The 
foramen ovale is nearly circular and opens into the wide but 
shallow tympanic cavity. It is closed by the base of the columel- 
liform stapes, fig. 170, A; the incus being represented by a pro- 
longation and expansion of the handle or neck of the columella, 
as in Birds. In this class such incudial expansion is joined to an 
obtuse angled triangular plate of cartilage, the longest side of 
which is attached to the membrana tympani. In the Orw/- 
thorhynchus the homologue of thil^ cartilage is ossified, forming a 
bent plate which performs the office of the lAanubrium of the 
malleus and also contributes to the frame of the membrana tym- 
pani. This membrane is concave externally, and forms the inner 
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extremity of a long and narrow meatus auditorius extemus^ which 
is strengthened by a cartilaginous incomplete cylinder, protected 
l)y a valve, but not provided with an external conch. This is 
equally wanting in the Echidna, in which the external aperture 
of the auditory canal presents the form of a vertical slit, shaped 
like tlie italicy^ one inch and a half in length : the margins of 
the slit are tumid, and support a row of bristles which protect and 
cover the orifice when recumbent. The meatus is remai'kably 
long ; the tube is strengthened in this Monotreme by a series of 
incomplete cartilaginous hoops, connected together by a narrow 
longitudinal cartilaginous band, so that its structure closely re- 
sembles that of a trachea, fig. 301, «, a. The tympanic fossa is 
almost entirely encircled with a slender hoop of bone, vol. ii. 
fig. 197, 28, consisting of the anchylosed tympanic bone and mal- 
leus. The portion which represents the tympanic bone, ib. r/, and 
which can be se 2 )arated from the malleus in the young subject, is 
a slender osseous filament bent into three-fourths of a circle, and 
|)laced upon the inner margin of the tympanic fossa, its concavity 
looking outward : this concavity is impressed with a fine groove 
for the insertion of the membrana tymj)ani : the j)ostcrior part of 
the hoop jiasscs across the commencement of the Eustachian 
canal, and terminates in a free point upon the j:)osterior wall of 
the tymjianic fossa ; the anterior end of the hoop is applied to and 
usually anchylosed with the longitudinal bar of the malleus. 

Only a small 2 )ortion of this ossicle is contained within the 
cavity of the tynqianum ; the principal portion, ib. o, forms the 
external and part of the jiosterior boundary of the bony meatus 
auditorius, and is then continued forward in the form of a slender 
pointed jnocess ; the bone slightly expands as it extends back- 
ward, and its broadest part is abruptly bent inward until it nearly 
meets the posterior end of the tympanic hoop. From the extre- 
mity of this inflected portion a slender compressed process, c, 
extends to the centre of the space encircled by tlie bony hoop ; 
it is attached by its whole length to the membrana tympani, and 
re^wesents the handle of the malleus. At the posterior margin 
of the broad incurved part of the malleus there are two minute 
ossifications in an incudial cartilage: the short and simjile co- 
luinelliform stapes, ib. d, ascends vertically from the innermost of 
these tubercles, with the upper surface of which it is articulated ; 
its opposite extremity closes the foramen ovale in the form of an 
expanded plate. The membrana tympani is concave outwardly 
at its middle part. 

In Marsupialia the chief instruction from the ear-organ is 
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afforded ])y the siie-cessivc steps by which the ordinary mamma- 
lian condition of the otostcals is attained. In most, as in Pera~ 
,71 ineles, the stapes is still columelliform, fig. 171, 

e : its base oval, supported on an imperforate 
aJ stem ; its apex more expanded than in Mono- 

tremes^ sending off the process, and develop- 
ing the articular cup for the malleus, a-c. This 
\\ representation of ^ incus’ begins, as m Echidna ^ 
^ separate ossification. In Macropus , it 
more commonly retains its individuality, and 
otosuais, p«^ramcU3. stapcs, fig. 172, is minutcIy perforate above 

the disc : however, in some instances, it also shows the process, d. 
The resemblance of the malleus, fig. 171, to the ^ cartilago 
columellaj’ of birds is instructively close in most 
marsuj)ials: but the parts called the Miead,’ c, 
J ^ body,’ h, and ‘handle,’ a, are definable. The 
largest proportional external ears are those of tlui 
stapps, Kangaroo. Pevomeles higoUs^ the shortest those of the Wom- 
bat. The tympanic cavity in Perameles is very extensive, but is 
formed by the sphenoid and petrosal bones ; the tympanic b()ne 
is limited to the function of supj)orting the ear-drum, and forming 
the internal commencement of the meatus auditorius externus. 
The internal extremity of the tympanic cylinder projects ob- 
liquely into the posterior and outer part of the sphenoidal bulla. 
In many other marsupials the tympanic is prolonged into a 
bony support of more or less of the external ear-passage, the 
extent and direction of which arc noted in vol. ii. p. 340 : the 
species in which the tym{)anic cavity is supplemented by excava- 
tions in the squamosal arc also there mentioned. 

It is interesting to find, in some Hats, a retention of the colu- 


melliform confluence of stapes and incus, as in fig. 173, A ( Fc.v. 
pertilio noctula). All insectivorous likewise show the 

semicircular canals projecting from the rest of the acoustic bony 
capsule, which is relatively large and free. The cochlea, however, 
departs far from the Bird-type, being of unusual relative size, and 
in some sj)ecies describing more than three turns: divided as 
usual into the two scahe, of which the tympanic one, as in Whales, 
is much the largest. The divisions of the meatus internus for the 
cochlear and vestibular branches of the nerve are unusually dee]) 
and distinct. The tympanic is here mainly subservient to the 
support of the drum-membrane ; it is deeply sunk into the tym- 
panic cavity, and very concave outwardly. One branch of the 
stapes is thicker than the other; the two crura of the incus are 
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wide apart, and the articular one is the Imigest. Tlie car-conchs 
are large, delicate ; in some genera of Ball enormously expanded ; 
they have been noticed, together with their vibratory movements, 
under the ^ Organ of Touch.’ In the frugivorous kinds the conch 
is small ; but with tragus and anti tragus very distinct. A large 
and expanded malleus obtains in Pteropus fuscusy with the 
l)rocess and handle of almost equal length. The stapes is narrower 
in proportion to its length than in true Bats. 

In most Insectivora the bony semicircular canals project from 
the petrosal capsule within the cranium, and conspicuously so in 
the mole, in which the petrosal Js large and cellular. Part of 
the osseous Avail of the labyrinth conducts a vCvSsel and nerve 
through the opening of the stapes, as shown in fig. 173, o. The 
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base of this ossicle is very thin at tlie middle ; it 1ms a wide 
opeiiiiig : the malleus has an elongate tuberous head. The ear- 
conch does not project. In Shrews it is generally broad, thin, 
naked, and complex, rounded, and but little projecting. In Sorex 
fodieitu, Pall., the free margin is folded and concealed by the sur- 
rounding hair: in the Water- Shrews the protecting hairs are 
longer; there are two folds within the conch ; the upper one has a 
marginal row of hairs; the lower one — a kind of antitragus — can 
be folded over the auditory canal. When the outer margin ol' 
the conch is unfolded it reaches to the level of the top of the 
head. In the great groove-toothed shrew (Salemdon) the auricle 
is shaped as above, has the free margin unfolded, has fine short 
hairs on both surfaces ; and the protecting folds of the meatus at 
the bottom of the couch are relatively small, but complex. 

The lamelliform type of malleus prevails in all Shrews : it is 
figured from Sorex araneus, in fig. 173, b, m, </. In the Hedgehog 
the oval and round .gperturcs of the labyrinth are approximate" 
the cochlea makes a slight projection into the tympanic cavity. 
The basisphenoid enters, as in Marsupials, into the formation 
of the tympanic cavity, and the tympanic bone retains its free- 
dom and is almost restricted to the support of the druin-mern- 
branc: the stapes, fig. 173,0, has slender, uncaual crura, and 
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a wide aperture ; it is^ large as the incus, the attached crus of 
which is short, its free* e long : the malleus equals both bones, 
and its head and body, as in Shrews, are unusually expanded. In 
Centctes it is less broad, with a longer process and shorter and 
thicker handle. The niembrana tympani is almost horizontal ; 
there is no bony meatus externus. The ear-conch is short, broad, 
and rounded : two of its muscles are derived from the strongly 
developed dorsal panniculus carnosus, fig. 7. In the Tenrec the 
tympanic extends into a short ^ meatus externus.’ 

In the Kat (^Mus decurnaims) the orifices for the cochlear and 
vestibular divisions of the acoustic nerve open separately on the 
petrosal surface, not into a common ‘ meatus internus.’ In sec- 
tions of the cranium of some Rodents I observed that the tym- 
panic cavity was divided by a horizontal partition into an upper 
and lower compartment, intercommunicating, in the Porcupine, 
posteriorly above the membrana tympani ; this is situated in the 
lower compartment, the external meatus terminating in a narrow 
oblique slit at its upper part. In the beaver the upper com- 
partment of the tympanum is much smaller ; the bony meatus 
contracts to a transverse slit as it approaches the membrana tym- 
2 )ani, tlie jdane of which is almost parallel with that of the meatus 
» itself: from the membrane the bony meatus extends outward and 
curves forward and a little uj)ward.^ In the Paca ( Cmloyenys) the 
horizontal septum divides only the anterior half of the tympanic 
bulla into an uj^per and lower comjmrtment, the meatus termi- 
nating, as usual, in the latter. The tymj)anic cavity is remarkably 
developed in most members of the present active timid order: it 
is enormous in Ctenomys,'^ In the Chinchilla the mastoid 

2 )ortion rises to the U 2 )})er surface of the cranium, where it is 
girt by a slender band of the combined superocciintal and squa- 
mosal : the jjetrosal part of the tymj)anic bulla describes a curve 
downward and backward circumscribing a large foramen which 
opens into the bulla beneath the meatus auditorius externus. 
This is long, wide, funncl-shaj)ed, with the outlet obliquely trun- 
cate and directed upward and a little backward. In the Capy- 
bara the bony meatus externus is unusually contracted, is cleft 
below, and bounded there by two small tuberosities. In the 
Hare the meatal part of the tympanic is long and ascends ob- 
liquely backward from the frame of the drum-membrane. This 
is a long ellii)se ; the handle of the malleus extends from above 
down its long axis to about one-fourth from the lower border ; 
the fibres of the ^ membrana i)ropria,’ diverging from nearly the 
* XLIV. Nos. 2044, 209^ 2166. xuv. p. 365, no. 2012. 
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whole length of the handle, affect, for the most part, a trans- 
verse course. The stapes has a wide vacuity and slender crura, 
and in many Kodents (Squirrels, Cavies, Marmots, fig. 173, e) it 
is traversed, as in Moles, by the bony canal of a vessel and nerve. 
The ear-conch shows a wide range of variety, fi*om some swim- 
mers ( Castor) and burrowers (Mole-rat, fig. 174) where it is hardly 
visible, to the Flying Squirrels (vol. ii. fig. 154), Jerboas and 
Hares, where the ears are conspicuous ai)pendages to the head. 

The Sloths contrast with the Kodents in the degree in which 
they enjoy the sense of hearing : the conch is rudimental ; there 
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is no bony meatus ; the tympanic is reduced to its function as 
the frame of the druin-liead, and long retains its individualitv. 
The stapes is small and imperforate, in the two-toed species, 
fig. 173,f. The crura of the incus arc thick, of equal length, 
very divergent. The handle of the malleus is bent at the middle ; 
it is short, as is also its process. The tympanic pavity extends 
into the squamosal and pterygoid. 

In the Armadillos {Dasyptis) the meatus internus is subspiral; 
the cochlea projects into the tympanic cavity : this is large, but 
owes little to the tympanic bone. The malleus is bent, almost as 
in Monotremes, completing the circle for the drum-membrane, 
and expanding f'or its attachment thereto : the part articulated 
with the incus is very broad and flat. The ear-conch is con- 
tracted and tubular at its^base ; but expands to a length of nearly 
two inches and a breadthV one inch in Dasppus Feba, in which 
the apex is rounded off. In Orpeteropus, also, the external ears 
arc very large for a burrower. In the true antcaters (Myrmc- 
cop lay a) they are much smaller : the tympanic bone retains its 
leedom and is chiefly subservient to the support of the drum- 
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membrane, which is placed very obliquely. In the pangolins 
{Manis) the ear-conch is presented by a small scale-like fold of 
thin integument. 

In the Elephant the petrosal is small in proportion to tlie 
size of the animal; its apex is grooved by the entocarotid. The 
post-tympanic j)art of the mastoid meets the j)Ostglenoid process 
below and circumscribes the outer auditory aperture ; the tym- 
panjc contributes the lower wall of the meatus, internal to which 
it expands into a ^ bulla/ which unites with the petrosal. The 
tympanic cavity communicates with tlie air-sinuses so exten- 
sively developed in the cranium, fig. 154. The stapes, fig. 
175,0, has a thin convexo-concave base; its branches aie of un- 
equal length; the incus and malleus arc large in proportion : the 
drum-membrane is a full oval, the radiating fibres of its proper 
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tunic diverge from the end and sides of the handle of the malleus, 
which, terminating near the great end of the oval, causes a cor- 
responding difference in the length of these fibres. The car- 
ctmch is large, prodigiously so in the African species, and ex- 
tremely mobile in both kinds. 

In the Hippopotamus the free part of the j)etr()sal is of a 
compressed pyriform figure ; the tympanic is expanded, at the 
cavity, and prolonged obliquely and almost vertically upAvard 
into a mcatal tube, Avhich becomes almost concealed between the 
zygomatic and paroccij)ital in the old animal. The otosteals are 
small and massive ; the stapes has a very small perforation, fig. 
175, a; the handle of the malleus is short: the conch is very 
small and little prominent. 

The petrosal is small and rounded in the Hog-tribe ; it retains 
its primitive individuality in the Babyroussa; not coalescing 
with the independently developed mastoid or other elements of the 
otocrane. The tympanic contains air-ctlls and is produced into 
a long and narrow auditory canal oblhpiely upward and back- 
Avard, with an external orifice smaller than the frame of tlie 
ear-drum. Both the base and a[)erture of the stapes are small, 
fig. 175, B, and both the handle and body of the malleus are short. 
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The conch is small and erect in the Wild-hogs, larger and 
pendant in the domestic breeds. 

In the Anoplothere the bony outer aperture of the ear was 
round and horizontal, the passage directed from the tympanum 
backward. The diameter of the semicircular canals, as in most 
other Ungulates, is relatively less than in most small Lissence- 
phalous Uiiguiciilatcs. The lower ridge of the petrosal is less 
marked in Camels than in true Ruminants. In these the stapes is 
usually arched, widely open, with thickish crura, grooved inter- 
nally, fig. 175, c, Bubalus^ the base a long oval. In the Ox the 
membrana tympani is oval; the handle of the malleus extends 
j’rom above obliquely downward and forward to one-fourth of 
the long diameter from the small end, and lies near the anterior 
part of the circumference ; consequently the posterior fibres di- 
verging from the handle are longest ; in the stapideus muscle is 
imbedded at the passage of the carneous into the tendinous part, 
a roundish ossicle, about three-fourths of a line in long diameter, 
and one-third of a line in short diameter. The tympanic bone is 
compressed and produced into a long auditory canal with a 
trenchant lower border, and the outlet almost horizontal. The 
car-conch in Ruminants is commonly characterised by three 
vei'tical rows of hairs longer tlian the rest on the inner surface. 

The external ears of the Horse, fig. 156, are most ex]>ressivc 
a[)pendages, in their extensive, rapid and various movements. 
The tympanic bulla is divided by an unusually regular series of 
radiating })lates. The stapes, fig. 175, D, is an elongate triangle, 
Avith crura of unequal thickness, a produced cervix, and narrow ob- 
long base. Both the stapideus and tensor tympani have thick fleshy 
portions : in the stapideus of the Horse there is an ossicle, smaller 
than in the Ox, and of a longish shape, thicker in the middle. 
The auditory chamber of the Tapir is* small : the tympanic docs 
not devclope a meatus externus : the part supporting the mem- 
brane early coalesces with the squamosal and the post-tympanic 
part of the mastoid. The base of the stapes is elongate, fig. 
179, E : the head of the malleus is compressed, its handle is bent. 
In the Rhinoceros, also, the tympanic, which is reduced to the 
frame of the membrane, is indistinguishable from the mastoid 
and squamosal with which it early becomes fused. The petrosal 
is very small. The stapes is triangular, with a moderate vacuity, 
and thick crura, ib, F : tlie crura of the incus arc very short : the 
head of the malleus is bifid, its handle much curved. The conch 
is pedunculate, and expands into a moderate elliptical chamber, 
from the upper part of the head. The tympanic of llyrax is 
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swollen and continued into a short horizontal auditory tul)e : the 
hase of the stapes is rarely ossified beyond the circuniterence : 
the crura of the incus arc subequal and very cliverj^^ent: tlic 
malleus has a long handle. The ear-conch is short and round. 

This ap[)endagej in Carnivora, enlarges and elongates progres- 
sively from the eared-seals and bears to the hyenas; exception 
being made for the aquatic Mustelidce (^hutra and Knhydra) 
which are seal-like in its smallness, and for the Fennecs Avhicli 
show the op 2 )osite extreme ; the character expressed by tin/ 
subgencric name Megalotls makes the Nubian species conspi- 
cuous in the old Egyptian frescos. 

* The seals offer a great contrast to the manatees in the rela- 
tive size of the sta})es, fig. 176, A, which is much smaller than 
the incus or malleus ; but it presents a similar massive character, 
with inequality of thickness of the crura and a small perforation, 
ib. and fig. 170, d. In the walrus, ib. c, the stapes is im])erforat(‘. 
In all Phocuhr, tlic body of the incus is tumid with short sub- 
ecpial branches : the body of the malleus ex])anded, comj)ressed, 
and its handle short. The tympanic is large and dilated: it coalesces 
with the petrosal and mastoid, and together they occupy a large 
interspace between the basisphenoid, basioccij)ital and S(juamosal. 
It is interesting and suggestive to find that with proj)ortions and 
powers of the piniiiform limbs that enable the Seals of the southern 
ocean to raise and move the trunk better than in most northern 
kinds, the ear-conch begins to be visible, whence the name 
‘ Otar la ’ for such sea-bears and sea-lions. 


176 



SiHpos of (Mmivora. 

A, Seal. n. Otter. c. Bear. d. Dog. k. Tiger. 


In Bears (Ursus) it has but a moderate perforation, fig. 176 , 
c, showing the affinity to the Seals: the crura of the incus 
are of unequal length : the head of the malleus is subcompressed ; 
its handle of moderate length, and its process short. 

In the badger (Meles) the stapes is small, with an elli])tic base 
and moderate vacuity ; the crura of the incus arc of unequal 
length : the malleus is large with a subcompressed head, and the 
Iiandle terminally expanded. The tympanic is large and mode- 
rately inflated. The stapes of the kinkajou has a larger base 
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and wider ()i)ening than in tlie badger : the ineiis is relatively 
small. In the wolverine (6'?//^) the malleus is perforated itbar 
the origin of the i)rocess ; repeating a character presented in some 
birds by its cartilaginous homologue. In the otter {Liitra 
vnlffaris) the malleus, fig. 176, B, is similarly perforated; the 
stapes is small, but adheres to the musteline type of the bone 
and is more widely o])en than in Seals. In the civets the staj)es 
is triangular, its base oval, the branches thick and grooved on the 
inner side : the crura of the incus arc short and very divergent. 
In Ca/iis the stai)es, ib. i), is subelongate, with the apex small, 
the base oval : the intcrcrural sj)ace is large. The handle of the 
malleus is grooved lengthwise. The stai)es of the hyasna has a 
slightly convex and longish oval base ; the crura of the incus are 
short : the malleus is rather curved, with a short subcompressed 
handle. The ear-conch is large and long, without any fold of 
the external border : the tympanic is less inflated than in Felis. 
The cochlea is longer and more prominent in the dog than in 
the cat. In this type-genus of CaimifHyra the acoustic capsule 
and labyrinth are small, cs[)ecially in the large species ; but the 
tympanic cavity is expanded in all felines into a notable ‘ bulla ’ 
at the base of the skull, formed chiefly by the tympanic, which, 
after framing the drum-mcinbranc, forms an oval external orifice, 
deeply seated in the narrow space between the mastoid and 
zygoma. The stapes is a longish triangle, widely open, wn’th 
the apex truncate and the base oblong, fig. 176, E, Tiger; it is 
shorter in the small Felines. The crura of the incus are short 
and subequal; the body of the malleus is broad and long; its 
handle of moderate length, and, in some, terminally expanded. 
The conch is short, usually rounded, broad and widely open ; 
relatively largest in the smaller species ; and distinguished in the 
lynxes by the apical tuft of long hairs. 

The otosteals in Quadrumana^ fig. 177, quickly approximate to 
the characters of those in Man, ib.. Homo ; the stapes in Chiromys 
has a shorter and broader summit ; its base is firmly wedged into 
the foramen ovale. With the other otosteals it is proportionally 
larger than in true lemurs, bearing relation to the great develop- 
ment of the outer ears. These are large in all Lemur idm : the 
tragus and antitragus are well marked in Stenops^ but instead of 
anthelix there are two prominent and subparall# plates. The 
vestibule is shorter, and the cochlea closer to the semicircular 
canals in the Aye-aye than in Man. In the Lemuridee the com- 
mencement of the cochlea is wide, and its axis is parallel with a 
line drawn from the fore end of the ampulla of the upper semi- 
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circular canal, and meeting the latter just before its junction 
with the hinder semicircular canal. The stapes in lemurs is a 
more equilateral triangle, and the perforation is less than in 
monkeys : tlie incus has a longer and larger body in proportion 
to its crura: the malleus has a shorter process, fig. 177, A. 

In Cehidoi^ ib. B, the stapes gains in length, but not much in 
vacuity : the crura of the incus are still short, and the extensions 


177 



Otusteals, Quadrumana and Man. 


of the malleus are short in proportion to the mass articulating 
>vith the incus. The tympanum is large ; the external meatus 
short and very wide. In catarrhine monkeys, ib. c ( Cercopi- 
thcciis sahcms) and in apes a nearer approach is made to the 
proportions and shapes of the human otosteals. 

There is a wider range of diversity in the external ear than in 
the more essential parts of the organ. In the nocturnal Aye-aye, 
in which the conch is relatively largest, there is a beginning of 
the helix above the mcatal fossa, but the rest of the margin is 
thin and unfolded : the tragus is not very prominent, the anti- 
tragus is better marked : a low fold represents the ‘ lower crus ’ 
of the anthelix, the upper one and the rest of that fold are 
wanting. It is only in the orangs and chimpanzees that the 
parts defined in the human auricle are rejiresented. The free 
margin is reflected to form a ^ helix,’ but not to the same degree 
as in 'Man : the ^ anthelix,’ beginning above with both ^ upper ’ 
and lower ’ crus, is continued to the antitragus ; both scaphoid 
navicular fossas are defined, as well as the cavity of the concha 
and the tragus : the lobulus is not pendant as in Man. In the 
chimpanzee ( Troglodytes niger) the external ear is larger abso- 
lutely than ln^•the great gorilla {Troglodytes Gorilla). 

In all the figures of the otosteals previously given the stapes is 
drawn at right angles to its natural position, in which only a fore- 
shortened view of the bone could be had, as in fig. 178, where it 
is shown with its base a applied to the ^ fenestra ’ of the vestibule. 
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Of the three semicircular canals tlie shortest, c, has a nearly hori- 
zontal position ; the other two are more vertical ; the upper one 
rises at the convexity of its curve, fU above the level of the upper 
surface of the petrosal : it is that which, with its arch-area, is 
most free in many lower Mammals. The lower vertical canal, e, 
unites by its upper extre- 178 

mity with the contiguous 
one at I ; the common 
opening of which is shown 
at W 2 , fig. 163. Each of 
the semicircular canals cx- 
})an(ls at one extremity ; 
but this is more marked 
in the membranous canals, 
fig. 165, where the dilata- 
tions, «, 5, c, are termed 
^ ampul he : ’ the bony ca- 
nals are wider in propor- 

1 Osseous labyrinth and otostcals, Human ; iiiaffn. xcviii”. 

tion to the membranous 



ones in Man than in most Mammals, and consequently the peri- 
lymph is more abundant. This is seen in fig. 179, which re]>re- 
sents the osseous labyrinth 1 79 


laid open, with the mem- 
branous labyrinth in situ 
of the human ear. Of the 
latter the part occupying 
the vestibule is divided 
into the ^ common sinus,’ 
/, and the ‘ sacculus,’ I ; 
each contains a mass of 
otolithic powder, Z:, wz, re- 
ceiving filaments of the 
acoustic nerve : other 
brushes of nerve filaments 
go to the am{)ullary ends 
of the semicircular canals : 
the opposite non-dilatcd 
ends communicate with 
the ^ common sinus ’ either 
singly, at Z, or by the 
conjoint termination g. 
The different positions of 



the three canals and the different directions in whicdi tlleir 
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respective waves of sound must strike upon the rich supply of 
nerves at the ampullary ends, may have relation to the power 

of appreciating the locality of 
the source of sound, or the di- 
rection in wliicli it arrives. The 
branch, fig. 180, g, to the ^ com- 
mon sinus ’ spreads thereon in a 
rncViated expanse : the branches, 
o, ]), to the ampul he of the 
upper, a, and horizontal, />, 
canals, form a bifurcate enlargc- 
ment,/),upon their outer surface. 
When the ampulla is laid open, 
as in fig. 181, the nervous fork 
is seen to protrude and push 
- ' ' in a slightly curved eminence 

of the membrane, ib. a, upon 



which and the adjacent part of the ampulla the delicate ncr- 



TermiiiatJons of nerves In nmpnll®, magn. Human. 
XCIX”. 


vous fibres resolve them- 
selves into a kind of retinal 
pulp, ib. C. 

The septal plate of the 
cochlea has lent itself to a 
more favourable or distinct 
view of the termination of 
the acoustic fibrils. Fig. 1 82 
shows the cochlear nerve, 


isolated. If a small bit of the spiral plate, fig. 183, a, be magni- 
fied, as at n, the filaments, h, are seen, as they diverge upon 


1S2 



The rorhlear m*rvf, magn. xcvj” 


the osseous part, to sub- 
side or flatten on ap- 
proaching the middle 
tract, and there to anas- 
tomose in loops, c; the 
neurilemma, d, being 
continued on to blend 
with the membranous 
part of the spiral jilatc. 

The human tympanic 
cavity, fig. 18 4, is formed 
by the petrosal, the mas- 
toid, and the tympanic 
bone: in the dry skull ’t 
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communicates with the labyrinth by the foramen ovale, h, and fora- 
men rotundum, c ; with the exterior of the cranium by the foramen 

auditorium externum : 


183 



but all thes i apertures 
are closed by membrane 
in the recent state. The 
other communications are 
with the breathing pass- 
age, back of the nose, or 
pharynx, by the eusta- 
chian tube, fig. 167, 
c, whereby air is con- 
veyed into the tympa- 
num, and thence passes 
into the mastoid cells. 
On the petrosal wall of 


Termination of coclilear nerve, more hfglily magn. 
(A. nat. size), xcvr*. 


the 


tymjianic cavity is 


specified the ‘ promon- 
tory,’ «, between the openings, />, c, the pyramid, d, the eminence 
of the ^ fallopian aqueduct,’ e, and the groove, for the internal 
lio:amcnt of the malleus. 


The movements of the membrane closing the foramen ovale, h, 


184 


183 



The inner wall of the tympanum, xrvii". Scinaniosal and tympanic hone with the 

meiiihrane. Unman fmtus. xcvii". 


are brought into relation with those of the membrane closing the 
outer auditory opening by the chain of ossicles called ^ otosteals.’ 
The ^ membrana tyrnpani ’ is fixed in a groove of a bony frame 
which is so far ossified as to form an incomplete ring, at the third 
month of human foetal life ; at the sixth month it begins to coa- 
lesce with the squamosal, fig. 185, and then to grow outward, 
forming the wall of the bottom of the auditory meatus, fig. 188, y, 
the lower part of which is the last to be completed. The drum, 
fig. 186, consists of a ^ proper membrane,’ with an inner layer 
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liOr the lining of the tympnnum, nnd an outer layer by 
tKItt «r tbe auditory passage. The proper membrane, niorcover, 

is divisible into two layers, an outer one 
C0T\s\st\T\g of fibres radiating from near 
the centre, and an inner, thicker, less 
distinctly fibrous layer, but indicative 
of a contrary disposition of such fibres. 

Memhramtympani ;nulii)nnriis,nat. Thc COUSpicUOUS radiatioff fibrCS UaSS 
size; llum.an. « outor, b Inner view. ^ ^ ^ ^ 

from the circumference of flic mem- 
brane to be fixed to the handle of the malleus. TJiej show no 
characters of voluntary muscular fibre. 

Anthropotomy (listinguishe;^ the following parts of tlie otos- 

teals: — ill the hammer, ^malleus,' fig. 166, a ; head; iivti- 
eu\av surface (adapted to h of the incus); e, neck; d, handle; 
e, short process; /, long process: this latter is the most con- 
stant, and is called simply thc ^ process ’ in comparative anatomy ; 
sometimes also ^Rail’s process,’ from thc dcscribcr of its true 
shape and flattened end in .Man : in the anvil, ^ incus,’ n ; o, body ; 
h, articular surface ; c, short crus ; d, long crus ; e, lenticular 
process, epiphysis, or ossicle : in the stirrup, ‘ stapes,’ i) ; «, head ; 
h, neck ; c, anterior crus ; f/, posterior crus ; l), the base. The 
head of the malleus is lodged in the roof of the tympanum abo\’e 
the upper margin of thc membrane, and sends its ^ handle ’ down 
to near its centre, as seen from without at from within at />, 
fig. 186. Thc body of thc incus lies iu the ujipcr and back part 
of the tympanum ; its articular surface is directed forward, the 
joint with thc malleus being a synovial one, with articular car- 
tilage and a fibrous capsule: the short crus is directed backward 
towards the masiold cells; the long crus descends almost pai’allcl 
with the handle of the malleus, to articulate by means of the 
lenticular process with the head of thc sta])es, fig. 178. 

Savart’s experiments * show that thc malleus j)arti(5ipates in the 
oscillations of the tympanic membrane ; that they arc pro})agated 
to thc incus and stapes, and thus to the membrane of thc fenestra 
ovalis. Two muscles, probably subserving volitional impulse 
through their proper nervous supply, act upon the otosteals ; and 
from vibrations of the drum-mcmbranc to which those bones are 
attached, they may be excited to act, also, automatically. The 
^ musculus iiitcriius mallei,’ or ^tensor tympani,’ fig. 167, f', arises 
from the eustaehian process of the alisjflicnoid, and from a groove 
in the bony ])art of thc eustaehian tube, and passing backward 
forms a slender tendon, which enters thc tympannin, bending at 
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nearly a right angle, and is inserted into the handle of the malleus 
below the long process. By the action of this nnuscle the handle 
is drawn inward and forward, and the membrane attached to the 
handle is also drawn inward and is stretched. Besides the tension 
to which the merabrana tympani is thus subjected, the base of the 
stapes is forced against the vestibular fenestra in consequence of 
the movement communicateii by the head of the malleus to the 
incus, which tends to press inward the long extremity of the 
latter. The second muscle is the ^ stapidcus,’ fig. 167,/: it arises 
from a groove in the ‘ pyramid,’ fig. 184, d: it is inserted into the 
posterior and upper part of the head of the stapes by a slender 
tendon, which issues by the aperture in the summit of the pyramid, 
and proceeds downward and forward to its termination. 

The first effect of the action of this muscle will be to press tlie 
posterior part of tlie base of the stapes against the vestibular 
fenestra : at the same time the long branch of the incus will be 
drawn backward and inward, and the head of the malleus being, 
by this movement of the incus, pressed forward and outward, its 
handle will be carried inward, and the membrana tympani thus 
l)iit on the stretch. On the other hand, the contraction of the 
^ tensor tympani ’ depresses the stapes and increases the tension 
of the fcnestral membrane. The cessation of muscular action 
restores all the vibratile membranes to their state of indifference. 
The incus, by its firm connection with the mastoid cells, its inter- 
mediate position, and having no muscle inserted into it, must be 
more liiriited in motion than the other two bones. 

The stapideus muscle receives a nervous filament from the facial 
nerve. The tendinous insertion of the stapes is usually the seat of 
ossification. These muscles have no homologues in Vertebrates 
devoid of tymj)anum and tympanic membrane : they are as purely 
independent and superadded parts of the mechanism of that ad- 
vance of the auditory organ, in Mammals, as are the ossicles they 
move. 

The cartilage described by Meckel, and representing the man- 
dibular hasmal arch in the embryo-skull, from the fibrous sheath 
of which are developed the ^ tympanic ’ at the upper and outer 
part and the mandible at the lower and outer part, has no such 
relation of a mould to the malleus. This ossicle, starting as a 
wart-like prominence from the wall of the tympanic cavity, is 
precociously developed on the inner side of Meckel’s cartilage, 
early showing its long process above and quite distinct from that 
cartilage or its capsule. The short crus of the ‘ incus ’ has the 
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same accidental relation to the embryonal cartilaginous, hyoiclean, 
Inemal arcli described by Huschlvc' as extendinjj^ from tlie mastoid 
or j>etro-iimst aid to iho upper or short born of tllC hyoid (corato- 
hyal), and from the outer part of the capsule of which cartilage tljc 
styloid process (stylodiynl) is ossified, J'iie stapes first aj)])eavs 
as a compressed pyramidal ^vart from the petrosal or inner Avad of 
the tympanum, projecting from a dejt’cssion the bottom of Avhleli 
becomes the fenestra vestibuli : the malleus, according to liatlike 
and Valentin,^ projects, somewhat earlier, as a small Avart from 
the back wall of the tympanum. Ossification begins first in tiie 
malleal wart by a point at the head, and by a second at the root 
of the long process. According to Aleckel, the rudiment of tin; 
stapes has growm, at the third month of the human fetus, to a 
cartilage representing both stapes and imms, like the columella 
of Ovipara : as such it is ossified in the Ornithorhyiichus. The 
ossification of the columella begins first in the ‘ incudeal ’ jiart, 
extending along the long crus toward the sta])es, which is subsc- 
cjuently ossified, acc.ording to Uathke,*'* from three nuclei, one for 
each crus and one for the base. As regards the vacuity, it does 
not exist in the cartilage, but is produced by the modelling alxsorp*- 
tion in the course of the ossification, transitorily representing th(^ 
characters shown in the porpoise, seal, and bear. Abnormal 
arrests of development of the stapes in the human subject have 
been found to represent the imperforate avian columella tand most 
of the above-cited mammalian conditions of the stapes. 

The membrane lining the tympanum, fig. 187, a, invests the 
small bones and the tendons of their muscles where they run free 
in the cavity. A fold of it fills up the 
s{)ace bounded by the crura and l)ase of the 
stapes. The chorda tympani, also, in its 
passage across the tympanum, is cnvelo])ed 
by it. Lastly, it forms the inner borrowed 
hiyer of the incmbrana tym])ani, covering 
and adhering closely to the handle of the 
malleus. 

The nerve called ‘ chorda tympani,’ fig. 

T\ otosf enla Jiinl ‘ clionla 187, C, IS COTltinUOUS, aS sllOU Tl at p. 157, 
',.v,n,anirii.unau. 132, with the facial and superficial 

petrosal nerves: it leaves the facial before the exit of the latter 
by the stylo-mastoid foramen, ascends in its own osseous canal, 
enters the tympanic cavity, crossing the inner side of the tympanic 
bone, as in birds, advances between the handle of the malleus and 

’ civ". * CM.Il". p. 211. » CXMJl", p. 120. 
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long crus of tlie incus, and descending to the ‘ fissura Glasseri/ 
makes its exit by the contiguous canal ajid fUamen, descending 
mesiad of the ascending mandibular ramus to join the lingual nerve. 
Wit\\\n t\ic tympanum it receives filaments from tl\e tympanic 
branch of the trigeminal. The facial nerve gives a branch to the 
stapideus muscle. From a ganglion of the pncuinogastric is sent 
off the ‘ ramus auricularis,’ which is joined by a filament from the 
glosso-pharyngeal, and is conducted l)y a groove in the jugular 
fossa to the ^aqueduct of Fallopius : ’ here filaments are sent to 
join the facial, and one to the nerves of the meatus and ear-conch. 
The tympanic nerve derived from the ^ petrous ’ and ^ otic ’ 
ganglia, enters the tympanum near the anterior margin of the 
‘ fenestra rotunda,’ traverses the groove on the j)rom()ntory, and, 
near the ^ fenestra vestibuli,’ enters the osseous (?anal which leads 
to the surface of the petrosal in front of the ^ hiatus FalIo[)ii,’ and 
passes to the oti(5 ganglion. From this gan- 
glion a nerve is sent to the tensor tympani. 

The ‘ meatus auditorius externus,’ fig. 

188, is formed by bone, / 7 , for a short 
extent from the drum-membrane, /»•, is 
chiefly cartilaginous in the rest of its extent, 
but is membranous above and behind, and 
there perforaiied by the orifices of the ccru- 
ininous follicles, e, The canal has an 
oval area, is about an inch and a ((uarter in 
length, and is lined by a continuation of the 
skin of the auricle. This skin becomes more 
delicate as it approaches the osseous part 
of the passage ^ — extremely so where it is continued on the 
outer surface of the membrana tympani. The skin of the 
auditory passage is covered Avith fine hairs, and these beeoine 
devclo])ed at the outlet into long defensive cilia or ear-lashes. 
The ^ glanduhc ceruininosai ’ are small round or oval bodies of 
a brownish-yellow colour, and very vascular. They arc im- 
bedded in the areohe presented by the dense cellular tissue 
which connects the skin of the auditory passage to the subjacent 
cartilage or bone. The ear-wax, cerumen, is, as is known, a 
thick orange-coloured or ycllowish-broAvn viscid substance, of an 
extremely bitter taste, and somewhat aroinatie odour. When 
first secreted, it is a thin, yellowish, milky fluid. It is an accessory 
defence against the entry of insects into the meatus. 11ie ear- 
drum closes the meatus obliquely from above downward and 
inward ; the bony ])art, q, of the* meatus forms a gentle curve. 


188 



socttoii of the aiuli* 
toiy (moMtUHiUUlitorius 

exfonms). xoviii". 
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convex upward : the membrano-cartilaginoiis continuation, ^9, o, A, 
describes a stronglfer curve, concave upward, and this expands 
into the concha, c, of the pinna,’ auricle, or 
external ear. Of this it will be only requi- 
site to indicate the parts which have received 
names in anthropotoiny, since extended to 
anatomy generally. The fold or reflected 
outer margin, fig. 189, a — e, is the Miclix;’ 
the subparallel eminence within, A, A, is the 
‘ anthelix : ’ it is formed by the junction, at 
hy of the ^ upper ridge,’ y*, and the lower ridge, 
<j^ intercepting the ^ navicular fossa,’ o. The 
))rominence, //*, which might be viewed as the 
Loft oar. aui irio, or ‘ pinna,- lowcr end of the aiithelix, is called ‘ antitragus,’ 

Human, xcviii". , .. iiiri »i 

being opposite the projection called ‘ tragus, /, 
which more directly defends the entry, r, to the meatus : q is the 
^ conch ’ proper, or cavity of the concha : finally is the appendage 
19Q called ‘ lobule,’ n. With the 

^ exception of the latter, all the 

other parts of the auricle are 
■ > ^ more or less formed by cartilage, 

. . f V nj I figs. 191, 192, in which, be- 

\ 1, I '/. ' ilj, sides the prominences already 

■ 'V ij-j- li named, there may be observed 

.^'if ' the fissure, e, between the 

tragus and the beginning of 
i ' i- ' ' the meatal cartilage. The skin 


' V 


i < •'* 

\ / /// 

hi. 


■ h ji fl,i 


s ' V " covering the cartilage of the 

adheres intimately to its 
sculptured surface, less so to its 
' y back and circumference: the 

W y- lower part of the hem-like fold 

^ I t '' helix is formed entirely 

_ fc by it; also the lobule, as has 

V ; been already said. The skin 

'V of the auricle contains a num- 

l)er of sebaceous follicles, jiar- 
ticularly in the concha and 

Auricular cart fioiu lu-liiiid, and c-xtritiHlc around the entrance of the au- 

niuscU-s. XX VI 11". 1 , . 

ditory passage. 1 oward this 
the channels and inequalities of the ear tend ultimately to convey 
the vibrations of sound. 

But pale and feeble representatives of the auricular muscles 




! lu-liliid, and cxtritiHlc 
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fire met with in the dissection of Europeans. The ‘ attollens 
auricuhe ’ is the largest, fig. 190, arising from the epicranial 
aponeurosis ; its fibres converge to be inserted in the surface of 
the ear-cartilage next the head. The ' retrahens auriculae,’ ib. 
c, rZ, consists of two or three fascicles arising from the mastoid 
and inserted into the back of the conch. The ^ attrahens auriculae,’ 
ib. arises from the zygoma, and is inserted by a broad but 

short tendon into the helix near the tragus. Five groups of 
fibres have been made out in the auricle itself, and are described 
as the ^intrinsic muscles.’ The ‘helicalis major,’ fig. 191, a\ 
the ^ helicalis minor,’ ib. r ; the tragicus,’ ib. d\ the antitragicus,’ 
ib. c, and the ‘ transversalis auricidae,’ fig. 192, a. 

All these muscles of the human external ear exemplify the 
Lamarckian law of degeneration from disuse. In the primitive 

191 192 


Front view of auricular carl Huge, and intrinsic Back view of auricular cartilage and 

muscles. xcvjiC'. transversalis muscle, xcviii". 

men of the ‘ stone-period,’ they probably existed in normal size 
and force. 

In thus concluding ihe comparative anatomy of the organ of 
hearing, it has to be owned that, hitherto, the experiments of the 
accomplished and ingenious physicists and physiologists to that 
end have failed to demonstrate the relations of the various 
exquisite structures to sound, in the satisfiictory way in which 
those of the eye are understood to relate to light. The vesti- 
bular part of the labyrinth may be inferred to detect the presence 
and intensity of sound, especially as conveyed through the 
external ear and tympanum. It has been conjectured and argued 
that the semicircular canals are concerned in forming a judg- 
ment of the direction of sounds. The cochlea receives those 
sounds which are propagated through the bones of the head, and 
is conjectured to be the medium of the perception of the pitch of 
notes, and of the timbre or quality of sounds. The tympanum 
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affords a iioii-reciprocating cavity for the free vibration of its 
membrane and of the otosteals : it also renders the lal)yrintli 
indej)endent of atmos}>heric vicissitudes. The otosteals conduct 
vibrations from the tympanic membrane to the vestibular one, 
and, under the influence of the muscles, regulate the tension ol 
both these and of the cochlear fenestra, so as to protect the (‘ai* 
against the effects of sounds of great intensity. The external 
ear and meatus are collectors and conductors of vibrations, and 
the former assists in enabling us to judge of the direction of 
sounds. 

§217. On/fin of Siffht. — A. l^Ji/ohalL Tlie organ of sight, 
like that of smell, is wanting in a few Mammals, the eyeball 
being reduced to the size and condition of the Sx'cllus ’ in Am- 
blyopsis, and to its simple primitive ofllce of taking cognisance 
of light, a filanumt <»f the fifth aiding the remnant of a prop(*r 
optic nerve. The moles, especially the Italian kind, Talpn 
cceca^ and mole-rats, exemplify this condition, in which, as in 
Hpahf.v tfjphlns, the skin passes over the ocellus without any pal- 
pe])ral opening, or loss of hair. The eyeballs are very small in 
the allied genus BotJuferffna^ fig. 174, and other rodent bur- 


rowers: they acquire the largest absolute and j)roportional size in 
the Kuminant order. In no Mammal is bone developed in the 

sch*rotic : in most {f sj)ecial ca- 
a vity, called ^ orbit,’ is fashioned 



Diagrainiiiatlr auction of Maiiinialfan eye. cv". 

fore part, called ^ cornea ; ’ tl 


in the facial part of the skull to 
give lodgment to the eye-ball. 
One sees least indication of it 
in the blind quadrupeds above 
noted and in the ant-eaters : it 
is deepest, best defined, and 
most completely walled in Man. 

In all Mammals with the eye 
developed for sight, properly 
so called, we recognise, as in the 
diagrammatic section, fig. 193, 
the fibrous capsule, «, called 
^ sclerotic coat,’ the transparent 
vascular tunic, c, called ^ choroid 


coat,’ becoming thickened, at r/, by the so-called ^ ciliary ligament,’ 
from which the ^ ciliary processes ’ are, as it were, reflected back- 


ward uf)on the capsule of the lens,/*: while the movable curtain, 
<ir ‘ iris,’ is continued onward into the space between 6 and /, 
leaving a central opening, called ^ pupil f for the admission of 
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The choroid, r, is lined by the expansion of tlic optic nerve 
(Milled ‘ retina,’ whitdi extends to the ^ ciliary processes,’ and is 
kept (nitstretcTed by the ^ vitreous humour ’ (contained in the 
cells of the deruMite membrane called Miyaloid,’ Mliicli restrains 
its forward advance beyond the ^crystalline humour’ or lens, yi 
The space in froni <^f this body is oi*.cupicd by the ‘ aqueous 
humour,’ and is divided by the iris into an ^ anterior ’ and ‘ pos- 
terior chamber.’ 

'^riie rays of light admitted by the cornea and pupil are 
slightly refracted in traversing the aqueous humour, and are sub- 
ject to a greater d(‘grce of conv(n*gencc in passing tlinuigh tlui 

11)4 



</f course of luminous ivija in truversin/ar the Jiunnnirs of ihe eye, 

denser lens, fig. 1 94 ; when, striking the retina at the back of 
tlic globe, they there depict the image of the visual object, in- 
verted. 

In crepuscular and nocturnal Mammals (^Pteromysy Aye-aye, 
Lemur) the cornea gains in size and convexity and the iris in 
breadth ; the latter being capable of admitting many rays through 
a very wide jiupil, which also it can completely close against the 
glare of noontide. The convexity of the lens is concomitantly 
increased, ♦and it approaches the spherical form most nearly, in 
bats and nocturnal rodents. The vitreous humour is less in pro- 
portion to the crystalline and aqueous humours in such eyes. In 
aquatic Mammals, on the contrary, the cornea hardly projects 
(seals, whales), and there is little aqueous humour ; here, also, the 
convexity of the lens is in excess, fig. 195, d. In most diurnal 
and terrestrial mammals, the eyeball is subspherical, the cornea 
slightly projecting at the fore part, as forming part of a smaller 
sphere than the rest of the globe. The lens retains much of the 
proportions shown in fig. 194. 
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In the Ornithorhynchus the eyeball is small and spherical; 
the sclerotic fibro-cartilaginous, the cornea flabby, the retina 
thick : there is no trace of pecten or marsupium : the lens is two 
lines in transverse diameter, one line in antero-posterior diameter ; 
the anterior surface is nearly flat, the posterior very convex. 
The choroid is black, without a tapetum lucidum ; the pupil is 
circular. 

The anatomy of the eye offers no peculiarity illustrative of the 
affinities of the Marsupialia or of any other speciality in their 
economy save the nocturnal habits of the majority of the order. 
It is in relation to these habits that the lens is large and convex, 
the iris broad, the pupil round and very dilatable, and the cornea 
corresj)ondingly large. The eye is relatively large in the swift- 
moving, far-ranging Kangaroos: I found the dark pigment on 
both the inside and outside of the choroid ; the ciliary processes 
are long; the lens is proportionally lai’ge. In the dead Kan- 
garoo the radiated muscle of the iris is miuffi contracted, and the 
pupil widely open. The eye is small in Didelphis viryiniana ; 
the pupil is round : the lens very convex. 

The Insectlvora have small eyes : the moles least of all. In a 
great pipe-toothed shrew ( Solenodon^ one foot in length, exclusive 
of tail, the palpebral opening does not exceed three lines, and 
there is no distinction between orbit and temporal fossa. Bats 
have the smallest eyes of all volant Vertebrates. In liodents 
the size of the eyeball bears relation to the extent and swiftness 
of locomotion, and is greatest in Jerhoidcs and Leporidee, The 
position of the eyes is always lateral, and by the proiiiinencc of 

the cornea they are susceptible in these timid quadrupeds of re- 
cciving the image of a pursuer. In the hare and other rodents 

the retina seems to expand from the divisions of a <?Jeft termina- 
tion of the optic nerve, within the eyeball. The pupil is round 

ffl mosi; i?oafeflfs: ma (feaof igoaCi ft was a ftonzontaf eftftisa. 

la the squirrel the aiite-retral diameter of the eyeball is to the 
transverse as 11 to 12: in the hare it is as 23 to 25.^ In all 
the order Bruta the eyes are relatively small ; in the sloths the 
contracted pupil is a vertical slit. 

In Cetacea the eyes are small, especially in relation to the 
bulk of the larger kinds ; and the essential part of the organ is 
still less, owing to the thickness of the sclerotic, fig. 195, «, «, 
and this increases from the cornea, 5, backward to the long, 

• A tabic of these dimensions of the eye in different Vertebrates will be found in 
XII. iii. p. 390 ; also in cvi". 



ORGAN OF SIGHT IN MAMMALIA. 


‘i49 


infundibular canal for the optic nerve,/. Outwardly the eye- 
ball is subspherical ; but, in the section figured, the contour of 
the cavity containing the vitreous humour, e, and lens, d, presents 
an ellipse, with the long axis transverse : in a Bal(Rnoptera of 65 
feet in length, this axis measured 2^ inches, and the shorter axis 
2 inches ; the posterior curve is regular ; but, toward the cornea, 
the sclerotic turns in quickly, c, 
flattening the fore part of the eye : 
the distance between the fore part 
of the sclerotic r.nd the bottom of 
the eye being b.ut 1:^ inches. In 
shape the come i is a longer elli 2 )se 
than the eyeball, and the upper 
border is more curved than the 
lower : it is thinner at the centre 
than the ciniumference, and is soft 
and flaccid in the dead whale. The 
choroid has a silvery or bluish 
white hrie on the inner surface: 
the darker pigment is limited to 
the ciliary processes and back of the iris. In a inysticctc whale 
( BaUma) the ccllulosity connecting the choroid with the sclerotic 
was jf a light brown hue: the darker pigment extends from the 
ciliary processes a little way upon the choroid ; and in both kinds 
of whale is so disposed as to absorb the rays of light and jire vent 
them being a second time reflected so as to disturb the spectrum 
on the back of the retina. Of the numerous minute folds which 

constitute the ciliary zone every third, fourth, or fifth is en- 
larged, and produced forward to form a wrinkled corrugated 

process about three lines long, eoni2>ressecl and terminating 
obtusely : the intermediate shorter jtrocesscs are of varying 

lengtk •, tke long ciliary processes are akout seventy m numker, 
in Balcsnoptera, The peripheral radiated contractile fibres of the 
iris, and the central circular ones, are conspicuous on the back 
I)art of that cUrtain in whales ; the front surface shows the wavy 
vessels radiating from arterial canals which surround the margin 
of the pupil which is transversely ellii^tical. Four equidistant 
canals in the thick sclerotic give jiassage to the long ciliary 
arteries and the vorticose veins : the two arteries which advance 
in the direction of the long axis of the pupil terminate in a 
canal bordering the puinl a little way from its margin : the wavy 
branches radiate from this canal, and are on the 
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SeetJon of the eye of a Whjile. 
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anterior surface of the iris. The quantity of the aqueous humour 
IS small : the lens^ is suhspherical, flatter in front than behind. 
The nucleus js seen in the posterior half and the surrounding la- 
mime are reflected inward and backward toward the middle of the 
anterior surface of the nucleus, leaving a funnel-shaped cavity in 
front of it which is filled by less dense substance. In Hyperoedon 
the pupil is transversely oblong with a moderate projection of 
the upper margin, reminding one of the skate’s pupillary curtain 
(vol. i. p. 334). In the Grampus the choroid presents a greenish 
tinge : in the Porpoise it is a bluish white. In both, the puj)il 
resembles that of llyperolklon. The retina is thick. 

In the Seals the sclerotic is chiefly remarkable for the sudden 
thinning at the part corresponding with the ciliary zone ; it is 
moderately thick both in front and behind : the cornea is thin and 
flabby. The muscles of the eye-ball being inserted into the an- 
terior part of the sclerotic may shorten the axis of the eye and 
bring the lens nearer to the back of the globe, thus adapting it to 
vision in air and water. In the Sirenia the eye is very small. 
In a Rhytina of 25 feet in length the eye-ball was but 1;^ inch 
in diameter: it is about 1 inch in diameter in the Dugong: the 
pupil is circular. 

The eye of the Elephant is about 2 inches in diameter, re- 
minding one of that in the Whale by its small relative size : 
there is likewise an unusual thickness of fibrous or sclerotic sub- 
stance at the entry of the optic nerve, and a similar extent of 
light-coloured tapetum within the choroid, which taj)etum presents 
the fibrous type of structure: the pupil is round, the cornea is 
larger and more convex than in Cetacea, 

In the Ilhinoceros the eyeballs are of small comparative size ; 
in the Indian species which I dissected,' each measured in 
antcroq)osterior diameter one inch five lines, and in transverse 
diameter one inch three lines. Some dark-brown pigment lies 
under the conjunctiva for the extent of about a line from the 
eireuinference of the cornea : the same kind of pigment is also 
deposited upon the outside of the nictitating eyelid, and over a 
great part of the inner surface of the same part, covered of course 
by a reflection of the conjunctiva. The trunks of the vente 
vorticosic perforate the sclerotica half-way between the entry of 
the optic nerve and the edge of the cornea: their disposition, with 
the flocculent but somewhat firm connd5ting tissue of their 
radiating branches, presented that structure which most nearly 
resembled the figures given by Mr. Thomas of the parts he 

* v", p. 56. 
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describes ^is ^ processes having a muscular appearance, with the 
fibres running forwards in a radiated direction.’^ On removifjg 
the anterior part of the sclerotica, whilst the eye was suspended 
in spirit, both the vitreous humour and the lens rolled out ; and 
the capsule of the lens showed no particular mark of the inser- 
tion or fixation of the ciliary processes; their impressions, in 
remains of pigmental matter, were perceptible on the anterior 
part of the ^ canal of Petit.’ The transverse diameter of the lens 
was six lines, the antero-posterior diameter four lines. The ])ig- 
ment was not confined to the inside of the choroid ; but in both 
Rhinoceroses dissected by me, I found on the outside of the 
(diorioii much loose cellular tissue, with dark pigment: this 
coloured flocculent tissue concealed at first the venae vorticosie, 
even when injected. The sclerotica is one line thick at the back 
part of the eyeball; and is thinnest near the middle of the ball, 
becoming thicker towards the cornea, which is two lines thick. 
The choroid adheres pretty strongly to the back part of the 
sclerotic, around the entry of the optic nerve, both by the enter- 
ing vessels and by the tenacity of its outer flocculent coat, 
especially where the vessels penetrate the sclerotica. There is 
no tapetum lucidum. The lower eyelid has a special depressor 
muscle.^ 

The Ta])ir has a proportionally small eyeball. *()f the Perisso- 
dactyle group the Horse has the largest eyes, in relation to its 
greater poAvers of locomotion. They are lateral, j)r()mjnent, 
capable of directing against any object in tlie rear, Avithout turn 
of the head, the outkick of the hind-leg. The cornea inclines to 
an oval figure, the larger end being toward the nose. The tape- 
tum is of a light blue colour, and fibrous structure : the ciliary 
processes are long; more numerous than in the ox : the puinl is 
transversely oblong, rather wider on the nasal side, Avith a few 
processes from the upper margin. 

In the Ilog-tribe the cornea is oval, Avith the large end in- 
ternal, or toward the nose ; the sclerotic is thin ; the pupil is 
round ; the eyeball rather larger than the palpebral oj)ening 
would indicate ; the inner figure of the choroid is of a shining 
chocolate colour in the common Hog, but miich darker in the 
Babyroussa. The eyes in Ruminants are large, lateral; the 
transverse exceeds the fore-and-aft diameter of the eyeball. In 
the Ox the latter flfco the transverse diameter as 43 to 49 ; in 
the sheep as 32 to 35. The ciliary processes are short in most, 
especially in some Antelopes: the retina extends far forAvard. 

* cvi", p, 157, pi. x.,figs. 1-3. ^ v", p. r>(). 
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The tapetal layer is fibrous, extensive, of almost metallic bright- 
ness ; in most of a fine green colour ; in a few of a bluish tint, 
with certain portions, generally toward the bottom of the eye, 
white; in the Ox the tapetum occupies a broad transverse 
tract of the choroid. The pupil is transversely oblong, with 
the upper border somewhat festooned in the Camel, Ox, and 
Sheep. 

In the Carnivora the relative size of the eyes increases from 
the Bears to the Cats. The tapetal layer exists in most, and 
consists of obscurely nucleated cells. In the nocturnal Badger 
it is silvery white ; in the Do^ and Wolf whitish, edged with 
l)/ue; in most felines of an amber, or golden, or greenish hue, 
with a lighter tract of crescentic form, curving round the lower 
j)art of the entry of the optic nerve. In the Lion, the greater 
extent of tapetum is below the nerve ; only a small portion above : 
the general torin of the whole tapetum is broadly crescentic in 
Eelines. In the small crepuscular Cats the pupil contracts to 
a vertical slit; in the larger diurnal felines it is circular. The 
optic nerve penetrates more nearly the axis of the eyeball in 
Carnivores than in Ruminants : the ciliary folds are long, espe- 
cially in the Lynx, in which the retina does not reach the 
meridian of the eyeball : it is also very thin. 

In the nocturnal Quadrumana the main modifications of the eye- 
ball have been noted ; the large and prominent cornea, the unusu- 
ally convex lens, the broad iris and eircular pupil, and the patch 
of tapetum, are well exemplified in the dissection of the eyes of 
Stenops gracilis, in xx, vol, iii. p. 158, no. 1706. I found also a 
delicate tapetum at the back of the eye in Chiromys ; but the 
light is less brightly reflected from the living eyes of the Aye- 
aye than from those of the slow Lemurs. The lens is almost 
spherical in Perodicticus, In no Lemurine has the retinal spot 
been found ; but there seems to be a minute fold or crease in its 
place. This spot, fig. 201, A, due to a thinning there of the 
retina, defined by a yellowish border, accompanied, usually, in 
the dead eye, with a slight crease, and situated in or very near 
the axis of vision, exists in the catarrh! ne Quadrumana as in 
Man. The sclerotic seems, in most, to be somewhat thinner than 
In Man and to take more readily the stain of the choroidal pig- 
ment after death. In no Quadrumana. abov^the Lemurs is there 
a tapetum. * 

The human eyeball is in some individuals a sphere ; in most 
the antero-posterior is rather less than the transverse dia- 
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meter. ^ The sclerotic, or ‘ tunica albuginea,’ is of a fibrous 
structure, and so much as is visible at the fore-part of the globe 
forms the ^ white of the eye : ’ being thinner here than behind, 
the dark choroid appearing through it sometimes gives it a bluish 
tint; it resumes thickness near the cornea. This, fig. 193, 
forms the segment of a smaller sphere than the rest of the eye- 
ball ; it is perfectly transparent in the living eye, and consists of 
a proper tunic, a most delicate continuation of conjunctive mem- 
brane, fig. 207, over the outer surface, and an elastic layer on 
the inner surface with which the membrane of the aqueous 
humour is blended : the proper tunic is laminated. It is inti- 
mately connected with the sclerotic; the elastic layer is con- 
tinued beneath the sclerotic, ^ as if slipped between it and the 
ciliary ligament,’ fig. 193, d. The choroid is the vascular tunic of 
the eye and is stained, in Man, within and without with a deep 
brown or black pigment : the outer surface is flocculent, through 
the attachment to the cellulosity uniting it with the sclerotic : the 
inner surface is smooth, highly and minutely vascular: this 
surface, artificially separated from the outer surface supporting, 
as in fig. 196, the trunks and larger branches of the vessels and 
nerves, was termed the ^ tunica liuyschiana.’ The arteiyes supplying 
the choroid are the ^ short ciliary:’ the 19 g 

Mong ciliary ’ arteries are chiefly distri- 
buted to the iris, and also give anterior 
branches to the sclerotic. The veins 
of the clioroid converge in arches to 
four or live trunks which pierce the 
s(derotic at e(j[ual distance from each 
other behind the middle of the eyeball : 
from this disposition, shown in fig. 196, 
they are termed ^ vente vorticosse.’ The 
choroid receives minute branches from 
the ciliary nerves in their passage to matfiiiiitd. 

the iris. On the outer part and anterior border of the choroid 
is a circle of grey softish substance, applied, like a band, round 
the margin of the aperture into which the iris is fitted : it 
adheres closely to the sclerotic at the line of the attachment 
of the cornea. The ciliary nerves penetrate and subdivide in 
this zone, which is termed ‘ ciliary ligament,’ fig. 197, a. On the 
inner surface of the anterior border of the choroid is a circle of 
longitudinal folds of that membrane, called ^ciliary processes,’ 



* Accordinf^ to tlio careful admeasurements in cvi''. 
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collectively ^ ciliary zone,’ or ‘ corpus cihare^ fig. 19S. Of these 
folds, in Mnn, there ai’e from sixty to seventy, jihont two lines in 
length, but alternately a little longer and shorter. 1 he free central 
or internal border of the fold 
sinks into the contiguous hya- 
loid membrane, round the eir- 
cumferenee of the erystnlline 


707 




diliary liganiout and Iris. cv". 


(’iliury zone. Iris, and puid^from within; Human, inagn. 


lens, the anterior ends of the processes project into the posterior 
chamber of flie aqueous humour, touching the iris, and bounding 
])eripherally that (*hamber. The circular screen or curtain at- 
tached at its peripliery to the ciliary ligament, and Interposed 

between the cornea and lens 
is called the ‘ iris ; ’ its aper- 
ture is the ‘ pupil,’ which is 
nearly in the centre of the 
disc, but a little toward the 
nasal side. The anterior sur- 
face of the iris, fig. 199, pre- 
sents linear elevations, irre- 
gular in size and number, 
convcrsi'infj to a circular one 
about 0 ^ 7 th of an inch frOm the 
margin of the pupil : from the 
‘ circle ’ numerous minute striie 
converge to the margin itself. 
The anterior surface is the seat 
of that variety of colour, to which, in common parlance, the colour 
of the eye itself is attributed. The posterior surface of the iris is 
covered by a thick layer of black pigment Avhich when removed 
exposes a number of lines converging from the ciliary folds to 
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Avithin a short distance of the puj)il ; this is immediately en- 
circled by a band, ^V^h inch in breadth, which is the orbiiailar or 
s]>hinctcr muscle. The radiating lines, by analogy with the eye 
of the Whale and Giraffe, indicate the ^ dilator fibres ’ of the 
pni)il. The peculiar contractile office or muscular character of 
the iris calls for the large supply of nerves; it is also highly 
vascular. The two long ciliary arteries which penetrate the 
sclerotic posteriorly, advance horizontally, about the middle o(* 
the eyeball, between that membrane and the choroid, to the iris, 
Avhere each dividgs into two branches, which proceed round the 
circumference and inosculate with each other, thus forming an 
arterial circle, from which numberless branches converge to tlie 
})upil. The nerves are derived from the third and fifth pairs, 
with communications from the sym])athetic, and consequently 
having connections with the sixth. They penetrate the sclerotic 
|)Osteriorly, and advance towards the iris between the sclerotic 
and choroid, about fifteen or twenty in number : arrived at the 
ciliary ligament, they divide at acute angles, as in fig. 197, and 
may be traced through 
tills structure until they 
are finally lost in the 
iris. The optic nerve, 
on entering the orliit, 
bends a little forAvard 
and enters tlie eye about 
an eightli of an inc^h be- 
loAV and internal to the 
axis of the globe : it un- 
dergoes a constriction, 
as in fig. 200, «, just 
before piercing the scle- OHIc nerve ;mdn tina. V" 

rotic : on entering the cavity of the eyeball the neurine forms a 
slight jirominence, before expanding into the sheet called ^ retina.’ 
The branch of the ophthalmic artery whicii penetrates the optic 
nerve before it reaches the eye, emerges from the centre of the ter- 
minal jirominence by the ‘ porus opticus,’ and ramifies, as ^ arteria 
centralis retina^,’ upon the vascular layer adherent to the hyaloid 
membrane of the vitreous humour. The microscopic character of 
the retina itself is given in vol. i. p. 332. It is covered externally 
by a delicate transparent membrane, by which the retina is 
connected Avith the Kuyschian layer of the choroid. In the 
Horse, Ox, and Sheej), this membrane is more easily demonstrated 
than in Man, Avhere it is obscured by the black pigment: the 
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subjoined cut (fig. 201, b) gives Dr. Jacob’s illustration of this 
membrane as partly reflected from the back of the retina. In the 
centre of the retina and axis of vision is a speck which retains its 
transparency Avhen tlie rest of the nervous expansion has become 
opaque after death ; this speck is margined by a yellowish tint ; 
and in the dead eye one or more short delicate folds pucker the 
contiguous retina. It was regarded as a natural perforation by 
its discoverer, and has been called the ^foramen of Soemmerring : ’ 
it is a modification of tlie retina. The relative position of the 
macula ccntvali::' to the termination ot the optic nerve, whence 
the branches of the arteria centralis diverge, is sliown in flg. 
201, A. The retinal neurine tenninates at the posterior margin 
of the, ciliary body. The vitreous humour, which mainly main- 



tains the sphericity of the 
eye, consists of water, 98 *40 ; 
chloride of sodium with a lit- 
tle extractive matter, 1*42 ; 
albumen, 0'16 ; a substance 
soluble in water, 0*02. It 
is lodged in the cells of the 
hyaloid membrane, receives 
in an anterior depression 
the crystalline lens, fig. 202, 
a, from the circumference 
of which it is extended to 


the anterior extremities of the ciliary processes, shows their im- 
pressions at c, and bounds the posterior chamber of the aqueous 
yo 2 humour. The cellular structure of 



the part of the hyaloid at the cir- 
cumference of the lens when demon- 
strated by inflation or injection, pro- 
duces the appearance shown at h, 
called by its describer Petit, ‘ canal 
godronne: ’ the folds of the hyaloid in 
relation4o the ciliary processes form 
the ‘ corona ciliaris,’ ib. c*. In the 
human crystalline lens the anterior 
is to the posterior convexity as 4 to 
3 : the transverse diameter is from 4 


Vltrt'ous humour witli lij jilold inomhrano and 
lens, showing the ’ canal of I’eMt’ and 
curuna ciliaris; inagn. cv". 


to 4^ lines, the thickness or axis 
is about 2 lines. The degrees of 


convexity of both surfaces vary at different periods of life. 


In fig. 203, A shows the lens of a six-months’ foetus, B, of 


a child of six years, o, of an adult of middle age: after fifty 
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it becomes rather flatter and also firmer in texture. The density 
of the lens is not the same throughout, the surface being nearly 
fluid, while the centre scarcely yields to the pressure of the 
finger and thumb, especially in advanced 
life. The eye is thus rendered achro- a b c 

matic. The specific gravity of the lens 
to water is as 10024 to 10000: the re- 
fractive power of the centre of the lens 
is to that of water as 18 to 7. Brewster crystalline ipns. human, at different 
found the following to be the refractive 

powers of the different humours of the human eye, the ray of 
light being incident upon them from the eye : ^ aqueous humour, 
1*336; crystalline, surface 1*3767, centre 1*3990, mean 1*3839 ; 
vitreous humour, 1*3394. But as the rays refracted by the aque- 
ous humour pass into the crystalline, and those from the crys- 
talline into the vitreous humour, the indices of refraction of the 
separating surface of these humours will be, from the aqueous 
humour to the outer coat of the crystalline, 1*0466 ; from the 
aqueous humour to the crystalline, using the mean index, 1*0353 ; 
from the vitreous to the outer coat of the crystalline, 1*0445; 
from the vitreous to the crystal- 
line, using the mean index, 

1*0332.’ If the lens with the A 
capsule attached to the hyaloid IIJ 
membrane be placed in water, the 
following day it is found slightly ,i 
opaque or opaline, and split into 
several portions by fissures 
tending from the centre to 

circumference, as in fig. 204, B. a, crystalline le«8, imtural state,* b, peripheral 

K ti I . softer portion fissured by action of water; 

allowed to remain some days c, resolution of nucleus into fibres, magni- 

in water, it continues to expand ’ 

and unfold itself ; and if then transferred to spirit and hardened, 
it may be unravelled by dissection, fig. 204, c, and its fibrous 
structure demonstrated. • 

In Man and Mammals generally three septa diverge from each 
pole of the lens at angles of 120°, the septa of the posterior sur- 
face bisecting the angles formed by the septa of the anterior sur- 
face : the fibres diverge from these septa as shown in fig. 205. 
The denticulated structure by which the fibres are laterally united, 
or interlock, is shown in vol. i. p. 333, fig. 217, in the crystalline 
lens of a cod. The human lens is inclosed in a transparent, 
firm, elastic capsule. A branch of the ^ arteria centralis retina? ’ 
VOL. HI. s 
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\javt of t\ve capsule, and ramifies richly thereon, 

m t\ve fcetus. 

The aqueous humour lodged in the chamber between h and fy 
fig, has a refractive power very little higher than that of 
water; 100 parts consisting of 98*10 of water, 1*15 of chloride 
of sodium^ and 0*75 of extractive matter soluble in water^ with the 
merest trace of albumen : it is secreted by the membrane lining 
the chamber. 

B. Apj)€nda(jes oj the Eye , — The muscles moving the human 
eyeball arc the four straight and two oblique ones. In lower 

Quadrumana a few fibres 
seem to be detached from 
the inner part of the origin 
of the recti to be inserted 
into the sclerotic nearer the 
entry of the optic nerve. 
This is the remnant of 
a stronger muscle, which 
in other Mammals, with 
few exceptions, surrounds 
the optic nerve, expand- 
ing, funnel-wise, as it ap- 
proaches the back of the 
eyeball: it is called the 
‘ choanoid muscle,’ or sus^ 
pernor oculiy and is supplied 
by a branch of the sixtli 
cerebral nerve. In Cetacea is divided into four short mus- 
cles, paralleling the longer recti, but of greater breadth and 
almost continuous : they arc inserted into the sclerotic behind 
the transverse axis of the eye-ball. The narrower and longer 
recti muscles expand to be inserted anterior to that axis. The 
superior oblique arising, with them, above the foramen opticum, 
has the course of its fibres changed, as usual, by a pulley at the 
upper and fore part of the orbit, but in passing through the sub- 
stance which serves as the trochlea, the muscle is only partially 
tendinous and little diminished in diameter. The inferior oblique 
is long, and broad at its insertion. 

In the Rhinoceros the fasciculi of the choanoid muscles have 
coalesced into two masses: in most quadrupeds they form a 
single ‘ infundibular suspensor.’ The cellular tissue is more 
or less condensed between the insertions of the choanoid and 
the fleshy parts of the recti muscles, and in Man between these 
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and the eyeball, the recti perforating this layer or sheath before 
expanding to their insertions. The upper one, ^ rectus superior,’ 
directs the cornea upward, the ^ rectus inferior ’ downward, the 
^ rectus externus ’ outward, the ^ rectus internus ’ inward or 
toward the nose ; the ^ recti ’ antagonising, or combining with, 
each other in all the degrees required to make the cornea assume 
any intermediate direction : they can thus produce the move- 
ments analogous to the ‘ circumduction ’ of a limb ; in doing 
which the centre of the cornea describes a circle. For ^rotation’ 
of the eyeball, in which this corneal centre remains fixed as the 
fore end of an axis, the two muscles called ^ oblique ’ are added. 

In Mammals the ^ superior oblique ’ arises from the back part 
of the orbit with the recti, advances to the upper part of the rim, 
glides there through a tendinous pulley, returns toward the eye- 
ball, is reflected backward and outward beneath tlie rectus 
superior, and is inserted into the sclerotic between this muscle 
and the rectus externus. The inferior oblique takes its origin, 
in advance of the eyeball, from the orbital plate of the maxillary ; 
passes outAvard and backward beneath the ^ rectus inferior,’ and 
is inserted into the outer and back part of the sclerotic. The 
two oblique are so disposed as to act, when antagonising each 
other, in rotating the eyeball on its antero-posterior axis ; when 
combining in action they tend to draw forward the eye, and thus 
antagonise the recti muscles collectively. The trochlear arrange- 
ment of the superior oblique is peculiar to the present class. 

As habitually antagonistic muscles have nerves from distinct 
sources, the rectus abductor is supplied by the ^ sixth ’ nerve, the 
rectus adductor by the ‘ third. The superior oblique, Avhich 
opj^oses the inferior one in most raovcments,^is supjflied by the 
‘ fourth ’ nerve. As the deju'ession of the eyeball can be per- 
formed by the superior oblique if the doAV award motion be 
directed by the lateral muscles, it suffices that it should have the 
same separate nerve (fourth) for that motion as for antagonising 
the inferior oblique, which, like the upper, lower, and inner recti, 
is supplied by the ^ third nerve.’ ^ 

In Cetacea the eyelids are represented by a continuous circular 
fold of the skin, leaving a round opening in front of the eye with 
a narrow margin unprovided with eyelashes. This ^ palpebral ’ 
opening is closed by an orbicular muscle or sphincter, and is 
expanded by four broad, thin, almost continuous muscles (in the 
Porpoise). The ^ tunica conjunctiva,’ fig. 195j y, lines the circular 

^ For Hunter’s excellent remarks on ‘ the use of the Oblique Muscles/ see xciv. 
p. 2L 
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eyelid^ and is reflected ni^on the eyeball^ near its middle. At 
the line of refection are the orifices of a zone of ^Meibomian ’ 
follicles : an aggregate of somewhat more complex ones at the 
inner side of the eyeball represents a ^ Ilardcrian ’ gland. There 
is no true lacrymal gland, nor any ^ third ’ or nictitating lid. 
The presence of this eyelid distinguishes the Sirenia from the 
Cetacea and the Harderian gland is more distinctly developed. 
In Seals the circular eyelid is supplied by four dilators 
and a sjdiincter, as in Whales ; but an external groove 
at the inner canthus indicates the division of the horizontal 
eyelids : the nictitating membrane is well developed and the 
Harderian gland at its base is large. In the Elephant the 
‘ third ’ or vertical eyelid is supported by a flat, slightly curved 
cartilage, which becomes thinner as it is attached to the concave 
free margin: the Harderian is continued as in Cetacea, from 
a group of smaller mucous glands, which have many excretory 
orifices upon the margin of the third eyelid, but its principal 
duct terminates upon the inner surface near tlie base of that lid. 
There is a special ‘ nictitator ’ muscle, the fibres ot* Avhich pass at 
first over the base of the membrane in a curve, then form an 
angle to include the extremity of the nictitating cartilage, which 
is consecpiently moved in the diagonal of the contracting forces, 
and pushed forward and outward over the fi’ont of the eyeball. 
In the lihinoceros the lower eyelid has a dej)ressor muscle. The 
Harderian gland is large in the Hog-tribe ; its duct opens upon 
the lower part of the inner surface of the membrane : it co-exists 
with a ‘ caruncida lacrymalis.’ There is a small lacrymal gland 
the duct of which o])cns upon the inner surface of the upper 
eyelid : the margii^of this is provided with a row of stlflT, unequal 
cilia, beneath which are orifices of the ^ Meibomian glands.’ Jn 
most Ungulates the base of the third eyelid is buried in a fatty 
and fibrous substance. In the Sheep a large ‘ caruncula ’ co- 
exists with the Harderian and lacrymal glands. The upper eyelid 
has cilia in all liuminants. The margins of the lids and the 
conjunctiva arc charged Avith black pigment in the Giraffe ; and 
the cilia of the upimr lid arc very long. 

The eye is protected, in the Ornithorhynchus, by a cartila- 
ginous plate continued from the upper part of the orbit, com- 
parable with the palpebral plates in tlie crocodile. Both the water 
Monotreme and the Echidna have a Avell developed membrana 
nictitans: there are also an upper and a loAver eyelid, each 
of which has its proper apertor muscle. In Marsupials, the 

’ cxYir". p. 2S. 
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Harderian gland and the retractor oculi co-exist, as usual, with the 
nictitating eyelid. This is largely developed, and the conjunctiva 
covering its free margin is stained black. Beneath the upper eyelid, 
in the Kangaroo, there is a cartilaginous ridge having the conjunc- 
tiva reflected over it. There are no palpebral cilia in Didelphis, 
The Harderian gland subserves the movements of the third 
or nictitating lid, and with the choanoid muscle, are present in 
all quadrupeds up to the Quadrumana. In these, as in Man, the 


third lid is reduced to a 
small fold, fig. 206, < 7 , at 
the inner canthus, within 
and projecting a little be- 
yond the vascular protu- 
berance called ^ caruncula 
lacry mails, ’ ib. y: the Har- 
derian gland ceases to 1 ^ 
developed : the true lacry- 
mal gland at the upper and 
outer part of the orbit, fig. 
209, /e, Z, is large. In fig. 
206 the orifices of the ^ tar- 
sal ’ or ^ meibomian ’ glands 


206 



The eyelids (»f the left side opened, xcvjii". 


are shown at a, a. In Man and Quadrumana the upper of the 


two horizontal lids is the largest and most movable, contrary to 


the case in nfost lower Mammals. 


207 


The fibrous tissue within that fold 
of skin is now condensed to form 
a tarsal cartilage,’ largest and 
most conspicuous in the upper- lid, 
of which it forms the basis : its 
straight and thick border consti- 
tutes the ciliary margin. In the 
lower lid the so-called ^ cartilage ’ 
is hardly more developed than it 
is in both lids of quadrupeds. The 
meibomian follicles extend into the 



fibrous (lower lid) or fibrocartilaginous (upper lid) tissue. The 
muscle closing the lids is the * orbicularis palpebrarum,’ fig. 29, 0 . 
The upper lid is raised by a special muscle, ^ levator pal- 
pebrae superioris,’ which extends from the upper border of 
the optic foramen, to the tarsal fibro-cartilage. The lower lid 
on the relaxation of the^^rbicularis’ which draws it up, falls 
down by its own elasticity ; rarely in Mammals has it a proper 
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depressor. The outer border of the ciliary margin of both 
Jids is provided^ in Man, with eye-lashes, fig. 207, the orifices of 
which, when plucked out, are shown at /t, fig. 206. In this 
b the ‘ outer cauthus,’ c the ‘ inner canthus,’ d lacryinal 
papilla or ‘ punctmn ’ of the upper lid ; e, the same of the lower 
Jid ; the lacrymnl caruncle ; y, the semilunar fold representing 
the ^ third eyelid,’ and now forming the bottom of the ^ lacus 
hicrynvdlis ’ within the fissure of the inner canthus ; the eye- 
brow. In the section of the outer parts of the eyelids, in fig. 


20S 



207, is shown the line of reflection of the con- 
junctive membrane upon the eyeball, y, at the 
upper and outer part of which line open the 9 to 
12 orifices of the ducts of the lacryinal gland, into 
which bristles have been inserted. 

The gland, fig. 208, consists of an upper por- 
tion a, a, which is lod^d in the shallow depres- 
sion at the outer side of the roof of the orbit, 
and a lower thinner portion, h, />, which is a looser 


Lacrynml Rland, loft 
b'uU'. ('X". 


aggregate of lobules extending into the substance 
of the upper eyelid. The fluid contributed by 


the lacryinal and meibomian glands to the conjunctival cavity, 


after being spread by the winking movements of the lids over 


209 



the front of the eyeball, is carried 
along the groove formed by tlie 
margins of the closed lids to the 
inner canthus, and is there im- 
bibed by the ^ puncta lacryinalia,’ 
fig. 209, tf, a. From each of these 
orifices a canal is continued, ascend- 
ing in the ujiper, descending in the 
lower lid ; in both, then, bending at 
an acute angle and converging to a 
long dilated recejitacle, /’ y, called 
‘ lacrymal sac.’ The large blind 
end, e, is directed upward ; the sac 
gradually contracts, to the ^ nasal 


I, wliich opGiis into the infc- 
rior meatus, fig. 152, of the nose. 
In all Mammals with divided or horizontal eyelids there is a 
similar provision for carrying off the waste lubricating fluid of the 
eyeball. In Man, in whom the true lacrymal gland is relatively 
largest, its peculiar secretion — theitears — when emotionally 
secreted in excess, overflows the pal])ebral groove. 
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C, Parallel between eye and ear . — The author of the excellent 
articles, xcvii" and cx" has drawn a parallel between the eye and 
ear which, in the main, appears to me to express justly the ^ serial 
homologies ’ of the parts of those sense-organs. I include, how- 
ever, the consideration of the cavities in which they are respec- 
tively lodged. The ‘ otocrane ’ parallels the ^ orbit.’ The homo- 
logy is masked by the deeper situation of the former, its commu- 
nication rather with the interior than with the exterior of the 
cranium, and its more frequent coalescence with the fixed bony 
sense -capsule which it includes. In some Mammals, however, 
that capsule retains its primitive and typical distinctness, and 
can be removed from the otocrane.^ This is, then, seen to 
be formed by the exoccipital and alisphenold, the mastoid, the 
tympanic, and, in Mammals, the expanded and intercalated squa- 
mosal. The primitive bony nuclei of the capsule which appear 
round the fenestra rotunda, on the outer end of the upper vertical 
semicircular canal, and on the middle of the hinder vertical 
semicircular canal, extend to form the bony labyrinth, and are 
wholly independent of the centres from which the ossification of 
the mastoid or otlicr otocranial bones begins. The addition of 
bony matter envelopes in various degrees the first formed part of 
the capsule, called ‘ bony labyrinth,’ and constitutes, therewith, the 
‘ petrosal.’ This capsule of the ear corresponds with the sclerotic 
in the eye ; which, in many Vertebrates, becomes the seat of 
ossification, and in some ( e.g., fig. 195, «) is thickened as 

much out of proportion to the nervous and vascular parts of the 
essential organ it contains, as is the petrosal. The orifice by which 
the optic nerve enters the eye-bulb answers to the foramen audi- 
torium internum. The membranous labyrinth answers to the 
])arts of the eyeball within the sclerotic. The delicate vascular 
external tissue of the labyrinth, frequently exhibiting pigment- 
specks, answers to the choroid, the exj)ansions of the acoustic 
nerves to the retina, the endolymph to the vitreous humour. The 
fluid in the space between the sclerotic and choroid, including the 
aqueous humour, represents the perilymph. Wharton Jones 
compares the ^ lens ’ to the ‘ otolites.’^ 

If we compare the conjunctival space in front of the eyeball with 
the tympanic cavity, and the duct therefrom leading to the nose 
with the eustachian tul^ then the anterior opening of the sclerotic 
will answer to the fenestra vestibuli, and the membrane closing 
it, or cornea, to that which closes the fenestra. In mammals 
the open movable eyelidfi seem very remote analogues to the 

• XLIV. j). 557. * XCVJl". p. 562. 
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external membrane closing tbe tympanum : but they are super- 
added developments to the true serial homologue of the tympanic 
membrane, shown in Reptilia, vol. i. p. 338, 339, fig. 220 ; and 
which disappears or blends with the later added developments of 
integument with special cartilages, muscles, and glandules, and 
which truly parallel the ‘pinna’ of the ear. In the eyelids, the 
meibomian follicles repeat the ceruminous ones, and the eyelashes, 
the cilia which guard the entry to the meatus auditorius. Wharton 
Jones compares the muscles of the eyeball to those of the otosteals, 
and I concur, with him, in accepting the opinion of Weber as to 
the special relation of both to their respective Organs of Sense, 
and as to their being parts superadded to the elements of the ver- 
tebral skeleton. But I believe that the divergence of functions 
so governs the development of special motive organs and ossicles 
as to remove the ground for safely or usefully homologising such 
parts, and I refrain from going beyond the serial repetitions in the 
eye and ear which are above indicated. 
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CHAPTER XXIX. 

DENTAL SYSTEM OP MAMMALIA. 

§ 218. General characters of the Teeth. — The present class in- 
cludes a few genera and species that are devoid of teeth; the 
true ant-eaters {Myrmecophag(x\^ the scaly ant-eaters (^Manis\ and 
the spiny monotrematous ant-eater {Echidna\ are examples of 
strictly edentulous Mammals : Ornithorhynchus has horny teeth ; 
the whales {Balcpna^ Balcenoptera) have transitory embryonic 
calcified teeth, fig. 219, succeeded by whalebone substitutes, 
fig. 217, in the U 2 )per jaw. The female Narwhal seems to be 
edentulous, but has the germs of two tusks in the substance of the 
upper jaw-bones : one of these so remains ; the other becomes 
developed into a large horn-like weapon in the male Narwhal, 
fig. 220, A, and suggested to Linnaeus the name, for its genus, of 
Monodon: but the tusk is never median, like the truly single 
tooth on the palate of the Myxine ; and occasionally both tusks 
are developed. In Hyperoodon the teeth are reduced in the 
adult to two in number, whence the specific name, H. lndens\ 
but they are very small and confined to the lower jaw. Ziphius 
has two teeth of functional size and shape, one in each ramus of 
the lower jaw ; and this is perhaps a sexual character. The 
Delphinus griseiis has five teeth on each side of the lower jaw : 
but they soon become reduced to two. The Marsupial genus 
Tarsipes is remarkable for the paucity as well as minuteness of 
its teeth. The Elephant has never more than one entire molar, 
or parts of two, in use on each side of the upper and lower jaws, 
to which are added two tusks, more or less developed, in the upper 
jaw. Some Rodents, Hydromys, e. g., have two grinders on each 
side of both jaws, which, added to the four cutting teeth in front, 
/j'make twelve in all ; the common number of teeth in this order is 
twenty ; but the hares and rabbits have twenty-eight teeth. 
The sloth has eighteen^teeth.’ The number of teeth, thirty-two, 
which characterises man, the apes of the Old World, and the true 
Ruminants, is the average one of the class Mammalia; but the 
typical number is forty-fcfur. The examples of excessive number 
of teeth are presented, in the order Bruta, by the Priodont 
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Armadillo^ which has ninety-eight teeth ; and in the Cetaceous 
order by the Cachalot, which has upwards of sixty teeth, though 
most of them are confined to the lower jaw; by the common 
porpoise, which has between eighty and ninety teeth; by the 
Gangetic dolphin, which has one hundred and twenty teeth ; and 
by the true dolphins {Delpliinus\ which have from one hundred 
to one hundred and ninety teeth, yielding the maximum number 
in tlie class Mammalia, 

Where the teeth are in excessive number, as in the species 
above cited, they are small, equal, or sub-equal, and of a simple 
conical form; pointed, and slightly recurved in the common 
dolphin ; with a broad and flattened base in the Gangetic dolphin ; 
with the crown compressed and expanded in the porpoise ; com- 
pressed, but truncate, and equal with the fang, in Priodon. The 
compressed triangular teeth become coarsely notched or dentated 
at the hinder part of the series in the great extinct cetaceous 
Zeugloden, The simple dentition of the smaller Armadillos, of 
the Orycterope, and of the three-toed Sloth, presents a difference 
in the size, but little variety in the shape of the teeth, which are 
subcylindrical with broad triturating surfaces; in the two-toed 
Sloth, the two anterior teeth of the upper jaw are longer and 
larger than the rest, and adapted for piercing and tearing, 
fig. 215. 

Teeth are fixed, as a general rule, in all Vertebrates. In 
Mammals the movements of the teeth depend on those of the 
jaw-bones supporting them, but appear to be independent in the 
ratio of the size of the tooth to the bone to which it is attached : 
the seemingly individual movements of divarication and approxi- 
mation observable in the large lower incisors of the Bathyergus 
and Macropus,^ are due entirely to the yielding nature of the 
symphysis uniting the two rami of the lower jaw, in which those 
incisors are deeply and firmly implanted. 

In Man, where the premaxillaries early coalesce with the 
maxillary bones, where the jaws are very short, and the crowns of 
the teeth are of equal length, there is no interspace or ^ diastema ’ 
in the dental series of either jaw, and the teeth derive some 
additional fixity by their close apposition and mutual pressure. 
No inferior Mammal now presents this character; but its im- 
portance, as associated with the peculiar attributes of the human 
organisation, has been somewhat diminished by the discovery of 
a like contiguous arrangement of the teeth in the jaws of a few 
extinct quadrupeds ; e. g., Aiwplotheriuiil, Nesodon, and Dichodon,^ 

• AXV. vol. i. p. 285. 2 CLXXX. fig, 1.30. • 
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The^ teeth in Mammals, as in the foregoing classes, are formed 
by superaddition of the hardening salts to pre-existing moulds of 
animal pulp or membrane, organised so as to insure the arrange- 
ment of the earthy particles according to that pattern which cha- 
racterises each constituent texture of the tooth, together with a 
course of vitalising plasma through its tissue. 

The complexity of the primordial basis, or ^matrix,’ corre- 
sponds, therefore, with that of the fully-formed tooth, and is 
least remarkable in those conical teeth which consist only of 
dentine and cement. The primary pulp, fig. 129, 2 *, which 
first appears as a papilla rising from the free surface of the 
alveolar gum, is the part of the matrix which, by its calcification, 
constitutes the dentine. In simple teeth, the secondary, or 
enamel pulji, covers the dentinal pulp like a cap ; in complex 
teeth it sends jirocesses into depressions of the coronal part of the 
dentinal pulp, which vary in depth, breadth, direction, and 
number, in the different groups of the herbi¥orous and omni- 
vorous quadrupeds. The dentinal pulp, thus penetrated, offers 
corresponding complications of form ; and, as the capsule follows 
the enamel pulp in all its folds and processes, the external cavities 
or interspaces of the dentine become occupied by enamel and 
cement — the cement, like the capsule which formed it, being the 
outermost substance, fig. 237, <?, and the enamel, ib. <?, being in- • 
terposed between it and the dentine, ib. d. The dental matrix 
presents the most extensive interdigitation of the dentinal and 
enamel pulps in the Wart-hog, Capybara, and Elephant.* 

The matrix of the mammalian tooth sinks into a furrow, and 
soon becomes inclosed in a cell in the substance of the jaw-bone, 
from which the crown of the growing tooth extricates itself by 
exciting the absorbent process, whilst the cell is deepened by the 
same process, and by the growth of the jaw, into an alveolus for 
the root of the tooth. Where the formative parts of the tooth 
are reproduced indefinitely, to repair, by their progressive calcifi- 
cation, the waste to which the working surface of the crown of 
the tooth has been subject, the alveolus is of unusual depth, and 
of the same form and diameter throughout, figs. 215 and 216, 
except in the immature animal, when it widens to its bottom or 
base. In teeth of limited growth, the dentinal pulp is reproduced 
in progressively decreasing quantity after the completion of the 
exterior wall of the crown, and forms, by its calcification, one or 
more roots or fangs, which taper to their free extremity. The 
alveolus is closely moulded upon the implanted part of the tooth ; 
and it is worthy of special remark, that the complicated form of 
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socket, fig. 256, which results from the development of two or 
more fangs, is peculiar to animals of the class Mammalia, 

In the formation of a single fang, the activity of the reproduc- 
tive process becomes enfeebled at the circumference, and is pro- 
gressively contracted within narrower limits in relation to a single 
centre, until it ceases at the completion of the apex of the fang, 
which, though for a long time perforated for the admission of the 
vessels and nerves to the interior of the tooth, is, in many cases, 
finally closed by the ossification of the remaining' part of the 
capsule. 

When a tooth is destined to be implanted by two or more 
fangs, the reproduction of the pulp is restricted to two or more 
parts of the base of the coronal portion of the pulp, around the 
centre of which parts the sphere of its reproducti\# activity is 
progressively contracted. The intervening parts of the base of 
the coronal pulp adhere to the capsule, which is simultaneously 
calcified with them, covering those parts of the base of the crown 
of the tooth with a layer of cement. The ossification of the sur- 
rounding jaw, being governed by the changes in the soft but 
highly organised dental matrix, fills up the spaces unoccupied by 
the contracted and divided pulp, and affords, by its periosteum, a 
surface for the adhesion of the cement or ossified capsule covering 
•the completed part of the tooth. 

The matrix of certain teeth does not give rise, during any 
period of their formation, to the germ of a second tooth, destined 
to succeed the first. This, therefore, when completed and worn 
down, is not replaced ; all the true Cetacea are limited to this 
simple provision of teeth. In the Armadillos, Megatherioids, and 
Sloths, the want of germinative power, as it may be called, in the 
matrix, is compensated by its persistence, and the consequent un- 
interrupted growth of the teeth. In most other Mammals, the 
matrix of certain of the first developed teeth gives origin to the 
germ of a second tooth, which displaces its predecessor and parent. 
All those teeth which are so displaced are called temporary, de- 
ciduous, or milk teeth, fig. 29fi, d i, d i~4. The mode and direc- 
tion in which they are displaced and succeeded, namely from below 
upward in the lower jaw, in both jaws vertically, are the same 
as in the crocodile ; but the process is never repeated more than 
once in the present class. A considerable proportion of the dental 
series is thus changed; the second, or permanent teeth, ib. 
i i-p, 2--4, having a size and form as suitable to the jaws of the 
adult as the displaced temporary teeth were adapted to those of 
the young animal. Those permanent teeth, ib. m \-m 3 , which 
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assume places not previously occupied by deciduous ones, may be 
regarded as a continuation of that series, and are posterior in their 
position ; they are generally the most complex in their form. The 
successors of the deciduous incisors and canines difler from them 
chiefly in size. The successors of the deciduous molars may differ 
likewise in shape, in which case they have less complex crowns 
than their predecessors. The ^ bicuspids ’ in Anthropotomy, fig. 
258, 'p 3, p 4, and the corresponding teeth called ^ premolars ' in 
lower mammals, fig. 293, p 2-4, illustrate this law. 

The Mammalian class might be divided, in regard to the succes- 
sion of the teeth, into two groups— the Monophyodonts^ or those 
that generate, as a rule, one set 
of teeth, and the DipliyodonU^ 
or those that generate two sets 
of teeth.* The Monophyodonts 
include tlie Monotremata, Ceta^ 
cea and Brut a ; all the other 
orders are Diphyodonts. 

The teeth of Mamrualia^ espe- 
cially of the Di])hyodonts, have 
usually so much more definite 
and complex a form than those 
of fishes and reptiles, that three 
parts are recognised in tliem : the 
fang or root {I'adix^ fig. 210,/) 
is the inserted part ; the crown 
{corona^ ib. k) is the exposed 
})art ; and the constriction which 
divides these is called the neck 
(cervix, ib. 7i), The term ^fang’ 
is properly given only to the 
implanted part of a tooth of re- 
stricted growth, which fang gradually tapers to its extremity. 
Those teeth which grow uninterruptedly, fig. 236, have not their 
exposed part separated by a neck from their implanted part, and 
this generally maintains to its extremity the same shape and size 
as the crown. 

It is peculiar to the class Mammalia to have teeth implanted in 
sockets by two or more fangs, figs. 256, 293 ; but this can only 
happen to teeth of limited growth, and generally characterises the 
molars and prcmolars : perpetually growing teeth require the base 
to be kept simple and widely excavated for the persistent pulp, 
figs. 215 and 216. In no mammifei’ous animal does anchylosis 

» Vol. ii. p. 268. 
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of the tooth with the jaw constitute a normal inode of attach- 
ment. Each tooth has its particular socket, to which it firmly 
adheres by the close co-adaptation of their opposed surfaces, and 
by the firm adhesion of the alveolar periosteum to the organised 
cement which invests the fang or fangs of the tooth. 

True teeth implanted in sockets are confined to the maxillary, 
premaxillary, and mandibular or lower maxillary bones, and form 
a single row in each. They may project only from the premax- 
illary, as in the Narwhal, or only from the lower 'maxillary as in 
the Ziphius ; or be apparent only in the lower jaw, as in the 
Cachalot ; or be limited to the superior and inferior maxillaries, 
and not present in the premaxillaries, as in the true Kuminants 
and most Bruta. 

Mammalian teeth usually consist of hard un vascular dentine, 
fig. 210, dy defended at the crown by an investment of enamel, 
ib. and everywhere surrounded by a coat of cement, ib. c. 
The coronal cement is of extreme tenuity in Man, (iuadrumana, 
and terrestrial Carnivora; it is thicker in the Herbivora, espe- 
cially in the complex grinders of the Elephant, fig. 289, and is 
thickest in the teeth of the Sloth, Megatherium, Dugong, Walrus, 
and Cachalot, Vertical folds of enamel and cement penetrate the 
crown of the tooth in most Rodents and Ungulates, characterising 
by their various forms the genera; but these folds never converge 
from equidistant points of the circumference of the crown towards 
its centre. The teeth of Bruta have no true enamel; this is 
absent likewise in the molars of the Dugong and of the fully de- 
veloped teeth of the Cachalot. The tusks of the Narwhal, Walrus, 
Dinothere, Mastodon, and Elephant, consist of modified dentine, 
which, in the last two great j^roboscidian animals, is properly 
called ^ ivory,’ and is covered by cement. 

The Dolphins and Annadillos present little variety in the shape 
of the teeth in the same animal, and this sameness of form is 
characteristic of Monophyodonts ; subject, like the successional 
character, to such exceptions as are exemplified in Cholcepus 
didactylus^ fig. 215, and in Dasypus d~cinctnsy the milk-teeth of 
which are figured in cxxxii", p. 254. 

In most other Mammals particular teeth have special forms for 
special uses : thus the front teeth, from being commonly adapted 
to effect the first coarse division of the food, have been called 
cutters or incisors ; and the back teeth, which complete its com- 
minution, grinders or molars : large conical teeth, situated behind 
the incisors, and adapted by being nearer the insertion of the 
biting muscles, to act with greater force, are called holders, 
tearers, laniaries, or more commonly canine teeth, from being well 
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developed in the dog and other Carnivora, although they are 
given, likewise, to many vegetable feeders for defence or combat ; 
e. g.. Musk-deer. Molar teeth, which are adapted for mastica- 
tion, have either tuberculate, or ridged, or flat summits, and 
usually are either surrounded by a ridge of enamel, or are tra- 
versed by similar ridges arranged in various patterns. Certain 
molars in the Dugong, the Mylodon, and the Zeuglodon, are so 
deeply indented laterally by opposite longitudinal grooves, as to 
appear, when abraded, to be composed of two cylindrical teeth 
cemented together, and the transverse section of the crown is 
bilobed. The teeth of the Glyptodon were fluted by two analogous 
grooves on each side, fig. 214. The large molars of the Capybara 
and Elephant have the crown cleft into a numerous series of com- 
pressed transverse plates, cemented together side by side. Tlic 
modifications of the crown of the molar teeth are those that arc 
most intimately related to the kind of food of the animal possess- 
ing th«n. Thus, in the purely carnivorous mammals, the prin- 
cipal molars arc simple, trenchant, and play upon each other like 
scissor-bUides, In the mixed feeding species, the working surface 
of the molars becomes broader and tuberculated ; in the insectivo- 
rous species it is bristled with sharp points ; and in the purely 
herbivorous kinds, the flat grinding surface of the teeth is com- 
plicated by folds and ridges of the enamel entering the substance 
of the tooth, the most complex forms being presented by the 
Elephants. 

§ 219. Teeth of Monophyodonts, A. Monotremata. — The sub- 
stances serving for teeth in the Orni- 2 ii 

thorhynchus are of a horny texture, 
consisting of close-set, vertical hollow 
tubes, resembling the outer compact 
tissue of baleen or ^ whalebone.’ They 
are eight in number, four in the upper, 
and as many in the under jaw. The 
anterior tooth of the upper jaw is ex- 
tended from behind forward, but is low, 
very narrow, and four-^sided. The 
corresponding tooth in the lower jaw, 
fig. 211, Z>, is rather narrower, and 
retains longer its trenchant edge. At 
a distance from the anterior tooth, equal 

to its own length, is situated the horny MandlWeand teeth, Omlthorhyacl.u^, 

molar, ib. c, which consists of a flattened plate of an oblong sub- 
quadrate figure. The corresponding tooth in the lower jaw is 
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somewhat narrower, but of simple form. Each division or tubercle 
of the molar is separately developed, and they become confluent 
in the course of growth. According to the analysis of Lassaigne, 
9y*5 parts of the dental tissue of the Ornithorhyiichus have the 
composition of horn ; this is hardened by 0*3 parts of phosphate 


212 


of lime. 

The notice of the dental apparatus of the Monotremes ought to 
include mention of the two short and thick conical processes, fig. 
212, y, ff, which project from the forepart of the raised intermolar 
portion of the tongue, in the Ornithorhynclius ; and like the more 
numerous spines on the corresponding part of the 
tongue of the Echidna, represent, in these low- 
organised mammals, the lingual teeth of fishes. 

B. Bruta , — The teeth of the Orycterope, or 
Cape Ant-eater, are of a simple form, but pecu- 
liar structure ; their common number in the 
mature animal is = 26, and they all lielong to 
the molar series. The first and smallest is soon 
lost. The proportions of the persistent teeth, 
the depth of their sockets, and their structure, 
as viewed in longitudinal section with the naked 
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Tongue, lingual teeth, 
and larynx of the Orni- 
thorbynchua. 



Section of lower jaw and teeth of the Oryctcroi>u». I?at. sixe 


eye, are shown in fig. 213. The teeth are continued, solid, and of 
the same dimensions, to the bottom of the socket, and terminate in 
a truncate and undivided base. If each be viewed as an aggre- 
gate of teeth, as partially shown in fig. 247, vol. i., p. 396, it 
will be found that the component denticle has its base excavated 
by a conical pulp-cavity, as in other animals, and which is persis- 
tent, as in the rest of the order Bruta, The wide inferior aper- 
tures of these pulp-cavities constitute the pores observable on the 
base of the compound tooth of the Orycterope, and give to that 
part a close resemblance to the section of a cane. The canals to 
which these pores lead are the centres of radiation of the dentinal 
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tubes ; such denticles are cemented together laterally, ib. c, 
slightly decreasing in diameter, and occasionally bifurcating as 
they approach the grinding surface of the tooth. The substance 
of the entire tooth thus resembles the teeth of the Myliobates and 
ChimcBroids among fishes, rather than any in the Mammalian 
class, in which it oflfers a transitional step from the horny dental 
substitutes, above described, to the true teeth. 

The teeth of the Orycteropus, when rightly understood, offer, 
however, no anomaly in their mode of formation. Each denticle 
is developed according to the same laws, and by as simple a 
matrix, as those larger teeth in other mammals which consist 
only of dentine and cement. The dentine is formed by calcifica- 
tion of the pulp, the cement by ossification of the capsule ; both 
pulp and capsule continue to be reproduced at the bottom of the 
alveolus, pari jjassu with the attrition of the exposed crown ; and 
the mode and time of growth being alike in each denticle, the 
whole com2)Ound tooth is maintained thoughout the life of the 
animal. The augmentation in the size of the whole tooth, during 
the growth of the jaw, is effected by the development of new 
denticles, and a slight increase of size in the old ones, at the base 
of the growing tooth, which, in the progress of attrition and 
growth, becomes its grinding surface. 

The teeth of the Armadillo-tribe are harder than those of other 
sj^ecies of Bruta, the un vascular dentine being present in greatest 
proj)ortion, and forming the main body of the tooth ; it includes a 
small central axis of vascular dentine, and is surrounded by an 
extremely thin coating of cement. The numerous teeth in Priodon 
are of very small size and simjDle form, and are all referable to 
the molar series. They vary in number from twenty-four to 
twenty-six in each upper jaw, and from twenty-two to twenty-four 
on each side of the lower jaw, amounting to from ninety-four to 
onj hundred in total number. The Armadillos of the sub-genus 
Euphractus, Wagler, are distinguished by having the anterior 
tooth, which is shaped like the succeeding molar, 
imj)lanted in the premaxillary bone. The two 
anterior teeth of the lower jaw being in advance 
ofthe premaxillary tooth, are, with it, arbitrarily 
held to be incisors. 

Some species of the extinct loricate genus, 

Glyptodoji, surpassed the Rhinoceros in size, crown of tooth of givat 
and the dentition was more complicated, and {Otyptodon ciavipe«). 
more adapted to a vegetable diet, than that of the small existing 
Armadillos. The osteo-dentine, fig. 214, o, occupied a larger 
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proportion of the centre of the tooth, and being harder than 
'the dentinOj, d, or cement^ rose upon the grinding surface, 
in the form of a ridge extending along the middle of the long 
axis of that surface, and in three shorter ridges at right angles to 
the preceding, at the middle of each of the three rhomboidal 
divisions of the tooth. 

Of the leaf-eating species of the order Bruta^ very few, and 
these the most diminutive of the tribe, now exist. The following 
are the characters of their dentition, both recent and extinct ; — 
Teeth implanted in the maxillary and mandibular bones, few in 
number, not exceeding ; composed of a large central axis of 
vaso-dentine, with a thin investment of hard dentine, and a thick 
outer coating of cement : to these add the dental characters 
common to the order Bruta^ viz., uninterrupted growth, and con- 
comitant implantation by a simple, deeply-excavated base. 

In the two-toed sloth ( CVioZcepw.? didactylus^Wligfj the teeth, 
fig. 215, otfer a greater inequality of size than has yet been 

observed in any other genus oiBruta\ 
the first of each series, i, in both jaws, 
which in the rest of the order is the 
smallest, here so much exceeds the 
others as, with its peculiar form, to 
have received the name of a canine. 
This tooth is separated by a marked 
interval from the other teeth, 2-5, es- 
pecially in tlie upper jaw, so that i-i 
above play upon the anterior part of 
those below, contrary to the relative 
position and mutual action of the true 
canine teeth in the Quadrurnana and 
Carnivora, 

The teeth of the Megatherium^ ^he 
most gigantic of the extinct quadru- 
peds of the Sloth tribe, are five in number on each side of 
the upper jaw, fig. 216, and four on each side of the lower jaw. 
They are deeply implanted with narrow intervals : each is exca- 
vated by an unusually extensive pulp-cavity, ib. p, from the apex 
of which a fissure is continued to the middle depression of the 
grinding surface of the tooth. The central axis of vaso-dentine, v, 
is surrounded by a thin layer of hard or unvascular dentine, and 
this is coated by the cement, c, which is of great thickness on the 
anterior and posterior surfaces, but is thin where it covers the 
outer and inner sides of the tooth. The vaso-dentine, v, fig. 238, * 
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vol. i. p. 361, is traversed throughout by medullary canals, 
measuring of an inch in diameter, continued from the pulp- 
cavity, and anastomosing in pairs by a loop, the convexity of which 
is turned towards the origin of the tubes of the hard dentine, t 
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Section of upper jnw tooth of tlio Mogathcrinin. Oiio-thinl naf. sJ/.o. 


The cement, ib. c, is characterised by the size, number, and 
regularity of the vascular canals which traverse it in a direction 
slightly inclined from the transverse axis toward the crown of the 
tooth, running parallel to each other, and anastomose in loops, 
the convexity of which is directed toward the hard dentine. 

The tooth of the Megatherium offers an unequivocal example 
of a course of nutriment from the dentine to the cement, and reci- 
procally. All the constituents of the blood freely circulated 
through the vascular dentine and the cement, and the vessels of 
each substance, intercommunicated by a few canals, continued 
across the hard or unvascular dentine. The minuter tubes, which 
pervade every part of the tooth, characterising by their difference 
of length and course the three constituent substances, form one 
continuous and freely intercommunicating system of strengthening 
and reparative vessels, by which the plasma of the blood was dis- 
tributed throughout the entire tooth, for its nutrition and main- 
tenance in a healthy state. 

The grinding surface of the close-set molars of the Megatherium 
differs on account of the greater thickness of the cement on their 
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anterior and posterior surfaces, from those of all the smaller 
Megatherioids, in presenting two transverse ridges, fig. 216, d\ 
one of the sloping sides of each ridge being formed by the cement, 
c, the other by the vascular dentine, i?, whilst the unvascular den- 
tine, dy as the hardest constituent, forms the summit of the ridge 
like the plate of enamel between the dentine and cement in the 
Elephant’s grinder. The great length of the teeth, and concomi- 
tant depth of the jaws, the close-set series of the teeth, and the 
narrow palate, are also strong features of resemblance between 
the Megatherium and Elephant in their dental and maxillary 
organisation. In both these gigantic phyllophagous quadrupeds 
provision has likewise been made for the maintenance of the grind- 
ing machinery in working order throughout their prolonged exis- 
tence : but the fertility of the creative resources is well displayed 
by the different modes in which this provision has been effected : 
ill the Elephant, it is by the formation of new teeth to supply the 
place of the old when worn out ; in the Megatherium, by the 
constant repair of the teeth in use, to the base of which new 
matter is added in proportion as the old is worn away from the 
crown. Thus, the extinct Megatherioids had both the same struc- 
ture and mode of groivth and renovation of their teeth as are 
manifested in the present day by the diminutive Sloths. 

c. Cetacea, Those Mammals which arc properly called ^ Whales’ 
have no teeth, but horny substitutes in the form of plates, termi- 
nating or fringed by bristles. Of these plates, called ‘ baleen ’ and 
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‘ whalebone,’ fig. 217, the largest, which arc of an inequilateral 
triangular form, arc arranged in a single longitudinal series on 
each side of the upper jaw, situated pretty close to each other, 
depending vertically from the maxillary bones, with their flat 
surfaces looking backward and forward, and their unattached 
margins outward and Inward, the direction of their interspaces 
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being nearly transverse to the axis of the skull. The subsidiary 
plates are arranged in oblique series internal to the marginal ones. 
Thus, if the upper jaw of one side of the skull of a Whale were 
bisected transversely, the flat surface of a series of the baleen- 
plates would be exposed, as in fig. 218 , in which a is the superior 
maxillary bone, h the ligamen- 218 

tons gum, giving attachment to c 
the horny base and body of the 
chief baleen-plate, which termi- 
nates in rf, the fringe of bristles ; 
e marks the smaller baleen-plates. 

The base of each plate is hol- 
low, and is fixed upon a pulp 
developed from a vascular gum, 
which is attached to a broad and 
shallow depression occupying the 
whole of the palatal surface of 
the maxillary and ‘of the anterior 
part of the palatine bones, the 
Whale being thus, like the 
Echidna, an example of a mamma- 
lian animal, which may be said to 
have palatal teeth. The base of 
each plate is unequally imbedded 
in a compact sub-elastic sub- 
stance, which is so much deeper 
on the outer than on the inner 
side, as, in the new-born whale, section of upper Jaw, with Balcen-plates, of a 
to include more than one half of 

the outer margin of the baleen-plate. This margin is shown at c, 
fig. 218 , and is continued down in a line dropped nearly vertically 
from the outer border of the jaws. The inner margin of each plate, 
fZ, slopes obliquely outward from the base to the extremity of the 
preceding margin ; the smaller plates decrease in length to the 
middle line of the palate, so that the form of the baleen-clad 
roof of the mouth is that of a transverse arch or vault, against 
which the convex dorsum of the thick and large tongue, fig. 

2 1 7 , a, is applied when tho mouth is closed. Each plate sends 
off from its inner and oblique margin the fringe of moderately 
stiff but flexible hairs, which project into the mouth. These 
present an obstacle to the escape of the small marine ani- 
mals,' for the prehension and detention of which this singular 

* CAio borealis^ Litmtcma arctica^ and small pelagic Crustacea. 
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modification of the dental system is especially adapted. The 
baleen-pulp is situated in a cavity at the base of the plate, like 
the pulp of a true tooth ; whilst the external cementing material 
maintains, both with respect to this pulp and to the portion of the 
baleen-plate which it develops, the same relations as the dental 
capsule bears to the tooth. According to these analogies, it 
must follow, that only the central fibrous or tubular portion of 
the baleen-plate is formed, like the dentine, by the basal pulp, 
and that the base of the plate is not only fixed in its place by the 
cementing substance or capsule, but must also receive an acces- 
sion of horny material from it answering to the cement of true teeth. 

In Balmna mysticetus there are about 200 large marginal 
plates on each side, from 10 to 14, rarely 15, feet in length, 
and about 1 foot in breadth at their base; these plates are 
overlapped and concealed by the under lip when the mouth is 
shut In the Balcenopterm or fin-backed whales, figs. 217, 218, 
the baleen-processes, e, internal to the marginal plates, are fewer 
and smaller than in the Ba}<jcn( 2 \ the marginal plates, c, arc more 
numerous, exceeding 300 on each side ; they arc broader in pro- 
portion to their length, and much smaller in proportion to the 
entire animal ; they are also more bent in the direction transverse 
to their long axis. 

A thin transverse section of baleen, viewed with a low mag- 
nifying power, demonstrates that the coarse fibres, as they seem 
to the naked eye, which form the central substance, are hollow 
tubes with concentric laminated Avails. When a high magnifying 
power is applied to such a section, the concentric lines are shoAvn 
not to be uniform, but interrupted here and there by minute 
elliptical dilatations, Avhich are commonly more opaque than the 
surrounding substance, and which, like the radiated cells of true 
bone, are probably remains of the primitive cells of the formative 
substance ; similar long elliptical opaque bodies or cells are dis- 
persed irregularly through the straight parallel fibres of the dense 
outer iamina3 of the baleen-plate. The chemical basis of baleen 
is albumen hardened by a small proportion of phosphate of lime. 

The BalcbnidcB, before they acquire their peculiar array of 
baleen-plates, manifest in their foetal age a transitory condition 
of a true dental system, abortive and functionless, but homologous 
AAuth that which is normal and persistent in tlie majority of the 
order. In an open groove which extends along the alveolar border 
of both the upper and the lower jaAvs, there is a series of minute, 
conical, acute or obtuse, single or double, denticles, fig. 219, with 
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hollow bases inclosing the uncalcified remains of a vascular pulp. 
In the foetus of a Balcenoptera, the jaws of which were about 
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^ Q ^ 

Transitory denticles of Foetal Whale 
Nat. size.* 


four inches in length, the groove of the upper jaw contained 
twenty-eight such teeth, that of the 
lower jaw forty-two : these disappear 
before birth. The foetal Whale exem- 
plifies the earliest stage of dental de- 
velopment in the higher Mammals, 
retaining the open fissure which in 
them is rapidly closed. 

The great Bottle-nose or bident Whale offers a transitional 
grade between the true Whales and the typical Delphinidce, The 
foetal denticles do not all perish, but two or three of the anterior 
pair? acquire a large size as compared with their transitory repre- 
sentatives in the BalcenidcB — and one of these pairs is long retained 
in the lower jaw, though functionless, and hidden by the gum. 

In the Narwhal {Monodon monoceros\ two of the primitive 
dental germs at the forepart of the upper jaw proceed in their de- 
velopment to a greater extent than do those in the lower jaw of the 
Hpperoodon ; but every other trace of teeth is soon lost. The two 
persistent matrices rapidly elongate, but in the retrograde direc- 
tion, forming a long fang rather than a crown ; each tooth sinks 
into a horizontal alveolus of the premaxillary bone, or, raJier, at 
the junction of the premaxillary with the maxillary, and soon, by 
the forward growth of these bones, becomes wholly inclosed, fig. 
220, a, like the germs of the teeth of higher Mammals at their 
second stage of development. In the female Narwhal, the pulp is 
here exhausted, the cavity of the tooth is obliterated by its ossi- 
fication, further development ceases, and the two teeth remain 
concealed as abortive germs in the substance of the jaws for the 
rest of life. In the male, the matrix of the tooth in the left pre- 
maxillary, ib. b, continues to enlarge ; fresh pulp-material is pro- 
gressively added, which by its calcification elongates the base, 
protrudes the apex from the socket, and the tusk continues to 
grow until it acquires the length of nine or ten feet, with a basal 
diameter of four inches. This is that famous ^ horn ’ which figures 
on the forehead of the heraldic unicorn, and so long excited 
tlie curiosity and conjectures of the older naturalists, until 
Olaus Wormius made an end of the fabulous ^ monocerologies ’ 
by the discovery of the true nature of their subject.^ 

* CLx". Linnseus has embalmed the old idea of this weapon in the binomial 
Monodon monoceroSf under which the Narwhal is entered in the Systema Natures. 
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The exterior of the long tusk is marked by spiral ridges, which 
wind from within forward, upward, and to the left. About fourteen 
220 inches is implanted in the socket ; 



it tapers gradually from the base to 
the apex. The pulp-cavity, as shown 
in the longitudinal section of the 
tusk, in fig. 220, is continued nearly 
to the extreme point, but is of vari- 
able width ; at the base it forms a 
short and wide cone ; it is then con- 
tinued forward, as a narrow canal, 
along the centre of the implanted 
part of the tooth, beyond which the 
cavity again expands to a w^idth 
equalling half the diameter of the 
tooth ; and finally, but gradually, 
contracts to a linear fissure near the 
apex. Thus, the most solid and 
weighty part of tlie tooth is that 
which is implanted in the jaw, and 
nearest the centre of support, whilst 
the long projecting part is kept as 
light as might be compatible with 
the uses of the tusk as a weapon of 
attack and defence. The portion of 
pulp, in which the process of the 
calcification has been arrested, re- 
ceives its vessels and nerves by the 
fissure continued from the basal ex- 
])ansion of the pulp-cavity. In a 
few instances, both tusks have been 
seen to project from the jaw. 

In Delphinus griseus the dentition 
of the upper jaw is transitory, as in 
Hyperoodorij but at least six pairs of 
teeth rise above the gum and acquire 
a full development at the forepart 
of the lower jaw. The crowns of 
these teeth soon become obtuse, and 
their duration is limited : aged indi^ 
viduals of this species have been 


Rase of skull of male Narwhal, with a section 
of the Tusk. 


taken with the dentition reduced to 
two teeth in the lower jaw. 
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The outward and visible dentition of the great Sperm-whale 
or Cachalot {Physeter macrocephahis) is confined to the lower 
jaw. The series consists in each ramus of about twenty-seven 
teeth. In th^ young they are conical and pointed ; usage renders 
them obtuse, whilst progressive growth expands and elongates 
the base into a fang, which then contracts, and is finally solidified 
and terminated obtusely. The teeth are separated by intervals 
as broad as themselves. The mode of implantation is inter- 
mediate between that of the teeth of the Ichthyosaurus^ and of 
those of Delphinus, They are lodged in a wide and moderately 
deep groove, imperfectly divided into sockets, the septa of which 
reach only about half-way from the bottom of the groove. These 
sockets are both too wide and too shallow to retain the teeth in- 
dependently of the soft parts, so that it commonly happens, when 
the dense semi-ligamentous gum dries upon the bone, and is 
stripped olF in that state, that it brings away with it the whole 
series of the teeth like a row of wedges half-driven through a 
strip of board. A firmer implantation would seem unnecessary 
for teeth which have no opponents to strike against, but which 
enter depressions in the opposite gum when the mouth is closed. 
That gum, however, conceals a few persistent specimens of the 
primitive foetal series of teeth ; these are always much smaller 
and more curved than the functional teeth of the lower jaw, of 
which a section is given in fig. 239, vol. i. p. 362. In the small 
snub-nosed Cachalot (^Physeter simus) the first tooth of this series 
is exposed in the front of tlie upper jaw.* 

The first-formed extremity of the tooth in the young Cachalot 
is tipped with enamel : when the summit of the crown has been 
abraded, the tooth consists of a hollow cone of dentine, ib. d, 
coated by cement, c, and more or less filled up by the ossified 
pulp, 0 . Irregular masses of this fourth substance have been 
found loose in the pulp-cavity of large teeth. The external 
cement is thickest at the junction of the crown and base, which 
arc not divided by a neck. 

The permanent or mature dentition of the Beluga {Delphinus 
leucas, Pall.), though scanty, is more normal than in the Physeter, 
nine functional teeth being retained on each side of the upper 
jaw, and eight in each ramus of the lower jaw. They present 
the form of straight subcompressed obtuse cones. 

The most formidable dentition is that of the predaceous 
Grampus {Phoemna orca), whose lanijiriform teeth are as large in 
proportion to the length of the jaws as in the crocodile ; they are 
> xcix'. p. 42, pi 12. 



282 


ANATOMY OF VERTEBRATES. 


in number -xi*Tf 5 fixed in deep and distinct sockets, sepa- 
rated by interspaces which admit of the close interlocking of the 
upper and lower teeth when the mouth is closed ; the longest and 
largest teeth are at the middle of the series, and they gradually 
decrease in size as they approach the ends, especially the pos- 
terior one. 

In the common Dolphin the number of teeth amount to 190, 
arranged in equal numbers above and below, and there is a pair 
of teeth in the premaxUlarics which are toothless in the other 
Cetacea, The} have slender, sharp, conical, slightly incurved 
crowns, and diminish in size to the two extremes of the dental 
series ; the acute apices are longer preserved than in the foregoing 
species. 

The Gangetic Dolphin {Platanista gangetica) differs from the 
rest of the Delphinidce scarcely less in the form of its teeth than 
in that of the jaws. Both the upper and lower maxillary bones 
are much elongated and compressed ; the symphysis of the lower 
jaw is coextensive with the long dental seides, and the teeth rise 
so close to it that those of one side touch the others by tlieir 
bases, except at the posterior part of the jaw. The lateral series 
of teeth are similarly approximated in the upper jaw at the median 
line of union, which line is compelled, by the alternate position 
of the teeth, to take a wavy course. There are thii*ty teeth on 
each side of the upper jaw, and thirty-two on each side of the 
lower jaw. In the young animal they are all slender, com- 
pressed, straight, and sharp-pointed, the anterior being longer 
than the posterior ones, and recurved. Contrary to the rule 
in ordinary Dolphins, the anterior teeth retain their prehensile 
structure, while the posterior ones soon have their summits 
worn down to their broad bases : in the progress of their growth 
the implanted base is elongated antero-posteriorly, its outer 
surface augmented by longitudinal folds analogous to those in 
the teeth of the Sauroid fishes. Sometimes the posterior tooth 
of Plafanista has the base divided into two short fangs, the 
sole example of such a structure which I have met with in the 
existing carnivorous Cetacea. In the Dolphins of the South 
American rivers {Inid) the inner side of the tooth expands into a 
crushing tubercle. 

The primitive seat of the development of the tooth-matrix is 
maintained longer in the Cetacea than in other Mammalia ; a 
greater portion of the tooth is also developed before the matrix 
sinks into, or is surrounded by, a bony alveolus ; and, with the 
exception of the rudimental tusks in the Narwhal, is at no period 



TEETH OF DIPHYODONTS. 


283 


entirely closed in a bony cell, in which respect the Cetacea offer 
an interesting analogy to true fishes. 

§ 220. Teeth of Diphyodonts^ A. Sirenia, — Two marks of 
inferiority in the dental system of the carnivorous Cetacea, which 
they have in common with many of the order Bruta, viz. a general 
uniformity of shape in the whole series of teeth, and no succession 
and displacement by a second or permanent set, disappear when we 
commence the examination of the dentition of those apodal pachy- 
derms which were called by Cuvier the Herbivorous Cetacea. 

In the Dugong (Halicore), for example, we find incisors dis- 
tinguished by their configuration as well as position from the 
molars, and the incisive tusk is deciduous, displaced vertically, 
and succeeded by a permanent tusk ; both these characters are 
shown in fig. 160, vol. ii. p. 281. Of the incisors of the Dugong, 
only the superior ones project from the gum in the male sex, and 
neither upper nor lower ones are visible in the female. The supe- 
rior incisors, ib. 2 , are two in number in both sexes. In the male 
they are moderately long, subtriedral, of the same diameter from 
the base to near the apex, which is obliquely bevelled off to a 
sharp edge, like the scalpriform teeth of the Rodentia, Only the 
extremity of this tusk projects from the jaw, at least seven-eighths 
of its extent being lodged in the socket, the parietes of which are 
entire. In the female Dugong the growth of the permanent inci- 
sive tusks of the ui)per jaw is arrested before they cut the gum, 
and they remain throughout life concealed in the premaxillary 
bones ; the tusk in this sex is solid, is about an inch shorter and 
less bent than that of the male ; it is also irregularly cylindrical, 
longitudinally indented, and it gradually diminishes to an obtuse 
rugged Doint; the base is suddenly expanded, bent obliquely 
outwarefe, and presents a shallow excavation. The deciduous 
incisors of the upper jaw, 2 , d^ are much smaller than the perma- 
nent tusks of the female, and are loosely inserted by one extremity 
in conical sockets immediately anterior to those of the permanent 
tusks, adhering by their opposite ends to their tegumentary gum, 
which presents no outward indication of their presence. Not more 
than twenty-four molar teeth are developed in the Australian 
Dugong {Halicore Australis)^ or more than twenty molar teeth in 
the Malayan Dugong, viz., in the latter, five on each side of both 
upper and lower jaws, ib. i-5, but these are never simultaneously 
in use, the first being shed before the last has cut the gum. 

The molar teeth of the Dugong consist of a large body of 
dentine, a small central part of osteo-delitine, and a thick external 
investment of cement, c, fig. 242, vol. i. p. 365. In the female 
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Dugong the whole of the smaller extremity of the tusk is sur- 
rounded by a thin coat of true enamel, which is covered by a 
thinner stratum of cement. In the male’s tusk the enamel, 
though it may originally have capped the extremity, as in the 
female’s, yet, in the body of the tusk, it is laid only upon the 
anterior convex, and on the lateral surfaces, but not upon the 
posterior concave side of the tusk, which is thickly coated with 
cement. This side, accordingly, is worn away obliquely when the 
tusk comes into use, whilst the enamel maintains a sharp chisel- 
like edge upon the anterior part of the protruded end of the tusk. 

T/ie presence of abortive teeth concealed in the sockets of the 
deflected part of the lower jaw of the Dugong, fig. 160, a, 2 , d 
(roL ii.), o/iei*s an analogy with the rudimental dentition of the 
upper jaw in the Cachalot, and of both jaws in the foetal Whales. 
The arrested growth and concealment of the upper tusks in the 
female Dugong, and the persistent pulp-cavity and projection of 
the corresponding tusks in the male, are equally interesting repe- 
titions of the phenomena manifested on a larger scale in the dental 
system of the Narwhal. The simple implantation of the molar 
teeth and their composition are paralleled in the teeth of the 
Cachalot ; their difference of form, and the more complex shape 
of the hindmost tooth, ib. are repetitions of characters which 
were present in the dentition of the extinct Zeuglodun. The 
coexistence of incisive tusks with molar teeth, and the successive 
displacement of the smaller and more simple anterior ones by the 
advance of larger and more complex grinders into the field of 
attrition, already seem to sketch out peculiarities of dentition 
which become established and attain their maximum in the Pro- 
boscidian family (Elephants and Mastodons) of the Ungqlates. 

The molars of the American Manatee are thirty-eight in 
number, ten on each side of the upper jaw, and nine, at least, on 
each side of the lower jaw ; but they are never simultaneously in 
place and use. The first in both jaws is small and simple. 
Beyond the second, the crowns in the upper jaw are square, and 
support two transverse ridges with tri-tuberculate summits, 
having also an anterior and posterior basal ridge ; each tooth is 
implanted by three diverging roots, one on the inner and two on 
the outer side : they increase in size very gradually, from the 
foremost to the last. The crowns of the four or five anterior 
molars of the lower jaw resemble those above, but the rest have 
a large posterior tubercle ; they are all implanted by two fangs 
which enlarge as they descend, and bifurcate at the extre- 
mity ; the crowns are of moderate height, and project only a few 
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lines above the sockets. The molars consist of a body of dentine, 
a coronal covering of enamel, and a general investment of cement, 
very thin upon the crown, and a little thicker upon the fangs. 

B. Marsupialia. In the Marsupial order, the typical number 
of the teeth in the molar series is seven on each side of both jaws, 
the first three of which are ^ premolars,’ fig. 221, /?, i, 2 , 3 , the last 
displacing, in some, a calcified predecessor, fig. 296, d 3, and giving 
the extent of the theoretical deciduous series. Incisors, fig. 221, 
/, are present in all the species, but are variable in number, in 
some genera exceeding that of the Mammalian type. Canines, ib. 
c, arc large in the Dasyurcs, are feebly represented in the Phalan- 
gers and Petaurists, are absent in the lower jaw of the Potoroos 
and Koala (fig. 221, vol. ii), and in both jaws of the Kangaroos, 
fig. 231, and Wombats, fig. 232. 

The Dasyures and Thylacine offer the carnivorous type of the 
dental system, but differ from the corresponding group of the 
placental Mammals in having the molars of a more uniform and 



simple structure, and the incisois in greater number: the dental 
formula of the Dog-headed Opossum, Thylacimis^ is — 


. 4.4 
' 3 T 3 ’ 


1.1 
' 1.1 ’ 


3.3 
^ 3T3’ 


4.4 

m = 46, fig. 221. 


The canine teeth are long, strong, curved, and pointed ; the 
points of the lower canines are received in hollows of the pre- 
maxillary palatal plate when the mouth is closed, and do not 
project, as in the carnivorous placentals, beyond the margins of 
the maxillary bones. The premolars, /?, present a simple com- 
j)ressed conical crown, with a posterior tubercle, which is most 
developed on the hindmost. The molars, m, in the upper jaw are 
unequally triangular, the last being much smaller than the rest ; 
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the exterior part of the croAvn is raised into one lai’ge pointed 
middle cusp and two smaller cusps ; a small strong obtuse lobe 
projects from the inner side. The molars of the lower jaw arc 
compressed and tricuspidate ; the middle cusp being the longest, 
especially in the two last molars, which resemble the feline ear- 
nassials. 

The dental formula of the genus Dasyurus is — 


. 4.4 1.1 2.2 

* 3 . 3 ^ ^ 1.1 *-^ 2 . 2 ' 


The eight incisors of the upper jaw, fig. 222, arc of the same 
length and simple structure, and are arranged in a regular semi- 

circle. The premolars, p 2 and 
/ ^ ~ 3, answer to the two last in 

^ I Thylacinns, and have simple 
crowns. The upper true 
w ^ molars, ?w, have triangular 

3 / crowns ; the first presents four 

^ sharp cusps ; the second and 

third each five; the fourth, 
which is the smallest, only 
^ three. In the lower jaw, the 

Dentition of Drsine Dasynre. , , , i i 

last molar is nearly oi equal 
size with the penultimate one, and is bristled with four cusps, the 
external one being the longest. The second and third molars 
have five cusps, three on the inner and two on the outer side ; the 
first molar has four cusps. The carnivorous character of the 
above dentition is most strongly marked in the Ursine Dasyure, 
or Devil of the Tasmanian colonists, the largest existing species 
of the genus. 

In some of the smaller species the canines lose their great rela- 
tive size^ and the molars present a surface more cuspidated than 
sectorial ; there is also an increased number 
of teeth, and as a consequence of their 
j \ — ^ equable development, they have fewer and 
shorter interspaces. The subgenus Phasco- 
\ characterised by — 


46, fig. 223. 


Dentition of Piiascoi^alc. 


In this formula may be discerned a step in 
the transition from the Dasyures to the Opossums, not only in 
the increased number of spurious molars, but also in the shape 
and proportions of the incisors. 

The general character of the dentition of these small predatory 
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Marsuj)ials ap])roxi mates to the insectivorous type, and leads 
thereto from the flcsli-fceding genera. 

Mt/rmecohius is characterised by the folloAving remarkable 
dental formula : — 


6.6 

\p o = 54, fig. 224. 


The number of true and false molars, eighteen in both jaws, 
exceeds that of any other known existing Marsupial. The molars 
are multicuspid, and both the 
true and false ones possess 
two separate fangs. The in*- 
fcrior mohars are directed 
obliquely inward, and the 
Avhole dental scries describes 
a slight sigmoid curve, fig. 

225. The ])renio]ars present 

. I 1 j • Dentition of Mynnecoblus. 

the usual compressed trian- 
gular form, with the apex slightly recurved, and the base 
more or less obscurely notched before and behind. The canines 
are very little longer than the false molars. The incisors arc 
minute, slightly compressed, and pointed; they are separated 
from each other and the canines by wide intervals. 

The extinct genus Amphitherium is founded on fossil remains 
of lower jaws and teeth discovered in the oolitic slate at Stones- 
field, in Oxfordshire, and it receives elucidation from the dental 



characters of the previous genus, but is remarkable for 
Iiaving a still greater number of molar teeth. The 
dental formula is as follows : — 


?.? ?.? 

.3* ^ '6.6’ 


m 


6 . 6 ’ 


There being thus thirty-two teeth in the lower jaw, 
and probably as many in the upper jaw. 

The following dental formula — 


3,3 4.4 


characterises a number of Marsupials commonly known 
in Australia by the name of Bandicoots, fig. 226. The 
teeth which offer the greatest range of variation in the 
present genus (^Perameles) are the external or posterior 
incisors and the canines : the molars, also, which ori- 


225 



Mandibular 
tccLli, Myrme- 
coiiius. 


ginally are quinque-cuspidate, have their points worn away, and 
present a smooth and oblique grinding surface in some species 


(fig. 222, m, vol. ii.) sooner than in others. 
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slightly exceeds in size. In Peram. 


The Bandicoots which approach nearest to the Mj/rmecobius in 
the condition of the incisive and canine teeth, are the Peram eles 
obesula and P, Gunnii, There is a slight interval between the first 
and second incisor, and the outer or fifth incisor of the upper jaw 
is separated from the rest by an interspace equal to twice its own 
breadth, and moreover presents the triangular pointed canine-like 
crown which characterises all the incisors of Myrmecobius ; but the 

four anterior incisors are 

placed close together and 

have compressed, quad- 

rate, true incisive crowns. 
From these incisors the 
canine is very remote, 
the interspace being 
equally divided by the 

Dentition of Perameles. poiuted ^ incisor, 

... . which the canine very 

slightly exceeds in size. In Peram. nasuta, fig. 226 , the incisors 

present the same general condition, but the canines are relatively 
iargcr. ^ 

The dental formula of the genus Didelphys is 

.5.5 II 3.3 4.4 

The Opossums resemble in their dentition the Bandicoots more 
227 than the Dasyures ; 

y ^ ^ ^key closely rc- 

1 semble the latter in 
tuberculous struc- 
^ ,nr*^ ’ " ture of the molars; the 

two middle incisors of 
^ ^ the upper jaw are more 

_ _ l^roduced than the 

Others, from which they 
are also separated by a short interspace. The canines still exhibit 
a superior development in both jaws adapted for the destruction 
ijut the molars have a conformation dilferent from 
that which characterises the true flesh-feeders, and 'the Opossums 
consequently subsist on a mixed diet, or prey upon the lower or- 
ganised animals. 

The smaller species of Didelphys, which are the most nu- 
merous, fulfil in South America the otfice of the insectivorous 
Shrews of the old continent The larger Opossums resemble 
m their habits, as m their dentition, the carnivorous Dasyures, 


^ . P 3 ; ^ 


Detitltion of Opossum. {Didelphys) 
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and i)rey upon the smaller quadrupeds and birds ; but they have 
a more omnivorous diet, feeding on reptiles and insects, and 
even fruits. One large species \Did. carter Ivor d) prowls about 
the sea-shore, and lives, as its name implies, on crabs and other 
crustaceous animals. Another species, the Yapock, frequents 
the fresh water, and preys almost exclusively on fish : it has the 
liabits of the Otter, but the dentition does not differ from that 
of ordinary Opossums. 

In the genus Tarsipes the molars soon begin to fall; the 
small canines are also deciduous ; the two procumbent incisors of 
the lower jaw remain the longest. The inferior incisors are 
opposed to six minute incisors above, which are succeeded by 
a small canine and some small molars; but these are reduced 
in some, perhaps old, individuals, to a single tooth on each 
side. 

The Phalangers, being provided with hinder hands and pre- 
hensile tails, are strictly arboreal animals, and have a close 
external resemblance to the Opossums. They differ chiefly in 
their dentition, and in accordance therewith their diet is more 
decidedly of a vegetable kind. The interspace between tlie 
functionally develojied incisors and molars in both jaws always 
contains teeth of small size and little functional importai‘ce, and 
variable not only in their proportions but their number. The 
constant teeth are the true molars, and the incisors. 

^ *14 J. 1 

The canines, c, fig. 228, are constant in regard to their presence, 
but variable in size ; they are always very small in the lower jaw : 
the functional j^rcmolars, p 3 , arc always in contact with the 
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molars and their crowns reach to the same grinding level ; some- 
times the second premolar is similarly developed in the upper 
jaw, as in the FhaL Cookiiy p 2, fig. 229, but it is commonly 
absent; the first premolar, p i, is a very minute tooth, shaped 
VOL. III. u 
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like a canine : thus, in the upper jaw, between the posterior or 
functional premolar, p 3 , and the incisors, /, we may find three 
teeth, as in Phal, CookUy or two teeth as in PhaL vulpina^ the 
first being the canine, c. In the lower jaw similar varieties occur 
in these small and unimportant teeth : e. g. there may be between 
the procumbent incisors and the posterior premolar, either three 
teeth, as in P/iaL Cookii\ or two, as in P/taL ursina\ or one, as in 
Phal. viilpina. The most important modification is presented by 
the little Phal, ^Imformis and Petaurus (Acrobates) pygamm^ 
£g. 219y vol, ii., which have only three true molars on each side 
of each jaw. These minor modifications are unaccompanied by 
any change of general structure or of habit, whilst those teeth 
which most influence the diet are constant. 

The absence of functionless premolars and of lower canines is 
constant in the Koala {Pliascolaj'ctos, fig. 221, vol. ii.). The 
molars are proportionally larger than in the Phalangers ; each is 
beset with four three-sided cusps, the outer series in the upjjer 
teeth being the first to wear down ; those in the lower jaw are nar- 
rower than in the upper; there is also the rudiment of a ^cingu- 
lum.’ The premolars arc compressed, and terminate in a cutting 
edge. The small canine is situated close to the premaxillary suture. 

The dental formula of the Potoroos (^Ilypsiprymnus) is — 


3 3 11 l.l 44 


The anterior of the upper incisors are longer and more curved 


230 



Dentition of llypslpryiuiius murinus. 


than the lateral ones, and 
their pulps arc persistent. 
The canine is larger than 
in the Koala ; it is simi- 
larly situated. In the large 
Hypsiprymnus ursinus the 
canines are relatively 
smaller than in the other 
Potoroos, a structure which 
indicates the transition 


from the Potoroo to the Kangaroo genus. The single premolar, 
p 3, has a peculiar trenchant form; its maximum of develop- 
ment is attained in the arboreal Potoroos of New Guinea; 
in Hypsiprymnus dorcocephalusy e.g. its antero-posterior extent 
nearly equals that of the three succeeding molar teeth. In 
all the Potoroos, the trenchant spurious molar is indented, 
especially on the outer side and in young teeth, by many small 
vertical grooves. The true molars, m i, 2, 3, 4 , have large 
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subquadrate crowns ; each presents four three-sided pyramidal 
cusps ; but the internal angles of the two opposite cusps are con- 
tinued into each other across the tooth, forming two angular or 
concave tranverse ridges. In the old animal these cusps and 
ridges disappear, and the grinding surface is worn quite flat. 

In the genus Macropus ^ fig. 231, the normal condition of the 
permanent teeth may be expressed as follows : — 


.3.3 0.0 1.1 

* i.i* ""o.o* ^ lA* 


m 


The main difference, as compared with Hypsiprymnus^ lies in the 
absence of the upper canines as functional teeth ; but the germs 
of these teeth are to be found in the young mammary foetus of 
the Macropus major, and may be detected of very small size, 
concealed by the gum, in the adults of some small species of 
Kangaroos, as, e. g.. Macropus rujlveuter, Ogilby, and Macr, 


Q511 



Dentition of Macropus major, onc-tlilrd uat. size. 


psilopus, Gould. The crown of the true molars supports two 
principal transverse ridges, with a broad anterior talon and a narrow 
hinder one. In most species a spur is continued from the hinder to 
the fore ridge, and another from the fore ridge to the front talon. 

Remains of Kangaroos, larger than any living species, have been 
discovered in the same caves in Australia which contained the teeth 
and jaws of the extinct Dasyurus laniarius, and they probably formed 
the prey of that species and of its contemporary the Thylacine 
which no longer exists in the continent of Australia.* 

A gigantic extinct herbivorous Australian Marsupial (^Dipro^ 
todon), the bulk of wdiich may be surmised from the length 
of the skull, which equals three feet, manifests a dentition 
which makes the nearest approach to that of the Kangaroos; 
but the anterior or median pair of upper incisors present the 
condition of large, curved, scalpriform, ever-growing tusks, 

* cxviii", vol. ii. 
u 2 
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which work against a similar but straight procumbent pair of 
incisive tusks below; thus presenting a transitional feature 
between the Kangaroos and the Rodent form of Marsupial called 
Wombat (^Phascolomys),^ In this genus, the dental system pre- 
sents the extreme degree of that degradation of the teeth, inter- 
mediate between the front incisors and true molars, which has been 
traced from the Opossum to the Kangaroos ; not only have the 
functionless premolars and canines now totally disappeared, but 
also the posterior incisors of the upper jaw, which we have seen 
in the Koala and Potoroo to exhibit a feeble degree of develop- 
ment as compared with the anterior pair ; these, in fact, are alone 
retained in the dentition of Phascolomys^ The dental formula of 
the Wombat is thus reduced, both in number and kind, to that 
of Rodent ia, viz. — 

.2 0 1.1 4.4 

The incisors, /, moreover, are ^ dentes scalprarii,’ but are in- 
feriov, cspccinlly in the lower jaw, in their relative length and cur- 
vature to those of the 
placental (JUj^es] they 
jiresent a subtricdral 
figure, and are tra- 
versed by a shallow 
groove on their mesial 
surface. The])remolars, 

3, present no trace 
of that compressed 
structure which cha- 
racterises them in the 
Koala and Kangaroos, 
but have a wide oval 
transverse section ; those of the upper jaw being traversed, on 
the inner side, by a longitudinal groove. The true molars, 
m 1-4, are double the size of the premolars ; the superior ones 
are also traversed by an internal longitudinal groove ; but this 
is so deep and wide that it divides the whole tooth into two 
prismatic portions, with one of the angles directed inward. The 
inferior molars are in like manner divided into two triedral 
portions ; but the intervening groove is external, and one of the 
facets of each prism is turned inward. All the grinders are 
curved, and describe about a quarter of a circle. In the upper 
jaw the concavity of the curve is directed outward ; in the 

* CLXXS, p. 431. 
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lower jaw, inward. The false and true molars, like the incisors, 
have persistent pulps, and are, consequently, devoid of true fangs, 
in which respect the Wombat differs from all other Marsupials, 
and resembles the extinct Toxodoriy the dentigerous Bruta^ and 
herbivorous Rodentia. 

A retrospect of the modifications of marsupial dentition shows 
them to be divisible into two classes : one ^polyprotodont,’ or cha- 
racterised by several pairs of mandibular incisors ; the other ^ di- 
protodont,’ or by a single pair: these are large, more or less 
procumbent, and ever-growing ; the incisors of the first group 
are small, and of the usual limited growth. The polyprotodont 
type prevails in the American genera: the diprotodont obtains 
in the majority of the Australasian marsupials, and is associated 
usually with vegetarian or promiscuous diet. There did exist, 
however, coeval with Diprotodon^ Nototherium^ &c., in a ter- 
tiary age in Australia, a carnivorous marsupial equalling the 
Lion in size, Avith the di- 
protodont type of dentition 
adaptively modified for prey- 
ing on tlie huger contem- 
poraneous Ilerbivora. 

The pair of incisors in the 
lower jaw, fig. 233, /, and 
their homo types above, i i, 

Avere ^ canines ’ in size and 
shape : a single tooth of the 
molar scries on each side of 
both jaws, ib. p 4, was concomitantly modified to act as a ^ sec- 
torial’ or flesh-cutting tooth ; the crown being narroAV or 
‘ compressed,’ long antero-posteriorly, Avith the sides marked by 
vertical folds or grooves, and converging to a rather oblique 
cutting edge, that of the upper blade playing on the outside of the 
loAvcr one. These ^ sectorials ’ were larger than in the Lion or 
Tiger, and were even more ^ carnassial ’ as wanting the ^ tubercle,’ 
and consisting wholly of the ^ blade.’ Behind the upper sectorial 
is one small tubercular, w i, of the relative proportion of that 
in Felis : the lower sectorial is followed by two small teeth with 
subtuberculate crowns, w i, m 2, The teeth between the carnas- 
sials and laniary incisors are too small for definite use. So far 
as present fossils show, the dentition of Thylacoleo was : — 
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1.1 


* 0 . 0 ’ ^ 2 . 2 '"* 2.2 


i 24. 


The chief business of the teeth was delegated to the tusks and 
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carnassials ; development was concentrated on these at the cost of 
the rest of the normal or typical dental series. The foremost 
teeth seized, pierced, lacerated or killed, the carnassials divided 
the nutritive fibres of the prey. 

Thylacoleo exemplifies the simplest and most eflfective dental 
machinery for predatory life known in the Mammalian class. It 
is the extreme modification, to this end, of the diprotodont type 
of Marsupialia. The skull exhibits all the concomitant carnivo- 


rous modifications, in a like extreme degree.* 

It is interesting to note that, just as the exceptional modifica- 
tion of the polyprotodont type, in the modern Myrmecohms^ was 
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Dentition of lower jaw, Plagutulax. 


manifested by Amphitherium in 
Oolitic times, so likewise was the 
zoophagous diprotodont modifica- 
tion ; but on a smaller scale than 
in Thylacoleo, The lower incisor 
in Plagiaiilax, fig. 234, /, was a 
large, upcurved, pointed tusk; the 
carnassial, p. 4 , was of great fore- 
and-aft length, coupled with nar- 


rowness, and an oblique cutting edge, rendered sub-serrate by the 


better-marked and more oblique lateral grooves, than in Tkyla- 


coleo. Anterior to the carnassial, p, 4 , there are two or three 


similar and smaller sectorial premolars, in Playiaulax, more of 
the general diphyodont type being retained in the older zoopha- 
gous diprotodont. Behind the carnassial are two small tubercu- 
late molars, m l, rw 2, as in Thylacoleo. Some Palaeontologists, img- 
Iccting Cuvier’s guide-post of the true molar as the light-giving 
tooth, have been led astray in regard to the affinities of Plagi- 
nulax, referring it to the ‘ poephagous Potoroos and Kangaroos,’ 
which combine with a single trenchant and grooved premolar, four 
large and massive grinders, of quadricuspid or transversely ridged 


structure. 


c. Rodentia . — In different orders of the placental as in the 
marsupial diphyodonts there are instances in which the ordinary 
number of incisors is diminished, and their growing power trans- 
ferred to a single pair of tusks projecting from the forepart of the 
upper or the lower jaw, or of both. The Dinotheres, Toxodons, 
Mastodons, and Elephants, among the Uvgulata, the Dugong in 
the Sirenia, the Aye-aye in the Quadrumana, are instances of 
this modification, which reaches its extreme in the latter mammal 


and the elephants. In numerous Lissencephala a single pair 
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of large curved ever-growing incisors, in each jaw, is combined 
with so many peculiarities of structure, as to have led to their 
association into one order ^ called by Linnaeus Glires and by 
Cuvier ^ Rongeurs ’ or ^ Eroders,’ from the gnawing power and 
habit resulting from such dental modification. 

The incisors, fig. 235, 2 , i?, are separated by a wide interval 
from the molars : the upper pair, ib. i, describe a larger segment 
of a smaller circle, the lower ones, ib. ?, a smaller segment of a 
larger circle ; these are the longest incisors, and usually have 



Dentition of the Capyham. 


their alveoli extended below, or on the inner side of, those of the 
molars, to the back part of the lower jaw, fig. 129 : but in the 
Hare they reach only midway toward the angle. As in all teeth 
of unlimited grow th, the implanted part of the incisors, besides its 
length, retains the form and size of the exj)Osed part or crown, to 
the widely open base, which contains a long conical persistent 
dentinal pulp, ib. «, and is surrounded by the capsule in a pro- 
gressive state of ossification, as it approaches the crown; an 
enamel-pulp is attached to the inner side of that part of the cap- 
sule which covers the convex surface of the curved incisor. 

The calcification of the dentinal pulp, the deposition of the 
earthy salts in the cells of the enamel-pulp, and the ossification 
of the capsule, proceed contemporaneously ; fresh materials being 
added to the base of the vascular matrix as its several constituents 
are progressively converted into the dental tissues in the more 
advanced part of the socket. The tooth, thence projecting, 
consists of a body of compact dentine, sometimes with a few short 
medullary canals continued into it from the persistent pulp-cavity, 
with a plate of enamel laid upon its anterior surface, and a 
general investment of cement, which is very thin upon the enamel, 

* Vol. ii. p. 276. 
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but less thin, in some Rodents, upon the posterior and lateral 
parts of the incisor. The substances of the incisor diminish in 
hardness from the front to the back part of the tooth, not only in 
so far as the enamel is harder than the dentine, but because the 
enamel consists of two layers, of which the anterior and external 
is denser than the posterior layer, and the posterior half of the 
dentine is rendered by a modified number and arrangement of the 
dentinal tubes less dense than the anterior half. 

J'he abrasion resulting from the reciprocal action of the upper 
and lower incisors produces^ accordingly, an oblique surface, sloping 
from a sharp anterior margin formed by the dense enamel, like 
tiiat which slopes from the sharp edge fonned by the plate of 
hard steel laid on the back of a chisel ; whence the name ‘ scalpri- 
form,’ ^ dentes scalprarii,’ given to the incisors of the Rodentla. 
Tu Lejmridee the enamel is traceable to tlie back of the incisors : 
with this exception, the varieties to which these incisors are sub- 
ject in the different Rodents are limited to their proportional size, 
and to the colour and sculpturing of the anterior surface. Thus in 
the Guinea-pig, Jerboa, and Squirrel, the breadth of the incisors is 
not half so gi'eat as that of the molars : whilst in the Coypii they 
are as broad as the molars, and in the Cape Mole-rats {Bathi/ergus 
and Orgeteromys) are even broader. In the Coypu, Beaver, Agouti, 
and some other Rodents, the enamelled surface of the incisors is 
of a bright orange or reddish-brown colour. In some genera of 
Rodents, as OrycteromySy OtomySy Meriones^ Hydroch(rrns, Lepus^ 
and Lagomya^ the anterior surface is indented by a deep longitu- 
dinal groove. This character seems not to influence the food or 
habits of the species ; it is present in one genus and absent in 
another of the same natural family. In most Rodents the 
anterior enamelled surface of the scalpriform teeth is smooth and 
uniform. 

The molar teeth are always few in number, obliquely implanted 
and obliquely abraded, the series on each side converging ante- 
riorly in both jaws ; but they present a striking contrast to the 
incisors in the range of their varieties, which arc so numerous that 
they typify almost all the modifications of form and structure 
which are met with in the molar teeth of the omnivorous and 
herbivorous genera of other orders of mammalia. In some 
Rodents — e.g. Cavies, the molar teeth, fig. 236, p, m, are rootless ; 
others — e.g. the Agouti, have short roots, tardily developed like 
the molars of the Horse and Elephant ; others, again — e.g. the 
Rat and the Porcupine, soon acquire roots of the ordinary pro- 
portional length. 
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The differences in the mode of implantation of the molar teeth 
relate to the differences of diet. The Rodents, which subsist on 
mixed food, and which betray a tendency to carnivorous habits, as, 
e.g., the true Rats, or which subsist on the softer and more nutri- 
tious vegetable substances, such as the oily kernels of nuts, suffer 

236 



rratiiuin niid upper teeth of the Patagonian Cavy (DolicJi/ftis). 


less rapid abrasion of the molar tectli ; a minor deptli of tlie crown 
is therefore needed to perform the office of mastication during the 
brief period of existence allotted to these active little Mammals ; 
and as the economy of nature is manifested in the smallest parti- 
culars as well as in her grandest operations, no moi^c dental sub- 
stance is developed after the crown is formed, than is requisite for 
the firm fixation of the tooth in the jaw. 

Rodents that exclusively subsist on vegetable substances, espe- 
cially the coarser and less nutritious kinds, as herbage, foliage, 
the bark and wood of trees, wear away more rapidly the grinding 
surface of the molar teeth ; the crowns are therefore larger, and 
their growth continues by reproduction of the formative matrix 
at their base in proportion as its calcified constituents, forming 
the exposed working part of the tooth, are worn away. So long 
as this reproductive force is active, the molar tooth is implanted, 
like the incisor, by a long undivided continuation of the crown. 
The rootless and perpetually growing molars are always more or 
less curved, fig. 236 , m; they derive from this form the same 
advantage as the incisors, in the relief of the delicate tissues of 
the active vascular matrix from the effects of the pressure which 
would otherwise have been transmitted more directly from the 
grinding surface to the growing base. 

The complexity of the structure of the crown of the molar 
teeth, and the quantity of enamel and cement intcrblcndcd with 
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the dentine, are greatest in the rootless molars of the strictly 
herbivorous Rodents. The crowns of the rooted molars of the 
omnivorous rats and mice are at first tuberculate. When the 
summits of the tubercles are worn off the inequality of the 
grinding surface is for a time maintained by the deejjer transverse 
folds of enamely the margins of which are separated by alternate 
valleys of dentine and cement ; but these folds, sinking only to a 
slight depthy are in time obliterated, and the grinding surface is 
reduced to a smooth field of dentine, with a simple border of 
enamel. Examples of various forms assumed by the inflected 
folds of enamel in the molars of the Rodentia are given in the 
works of the Cuviers and other naturalists.' These folds have a 
general tendency to a transverse direction across the crown of the 
tooth (vol. ii. fig. 236, p. 370): the joint of the lower jaw almost 
restricts it to horizontal movements to and fro, in the direction of 
the axis of the head, during the act of mastication. When the 
folds of enamel dip in vertically from the summit to a greater or 
less depth into the substance of the crown of the tooth, as in those 
molars which have roots, the configuration of the grinding sur- 
face varies with the degree of abrasion; but in the rootless 
molars, where the folds of enamel extend inward from the 
entire length of the sides of the tooth, the characteristic con- 
figuration of the grinding surface is maintained without varia- 
tion, as in the Guinea-pig, the Capybara, and the Patagonian 
Cavy. 

The whole exterior of the molar teeth of the Rodentia is covered 
by cement, and the external interspaces of the enamel-folds are 
filled with the same substance. In the Chinchillidce and the 
Capybara, where the folds of enamel extend quite across the 
body of the tooth, and insulate as many plates of dentine, these 
detached portions are held together by the cement. Such folds 
of enamel are usually parallel, as in the large posterior lower 
molar of the Capybara, which, in shape and structure, offers a 
very close and interesting resemblance to the molars of the Asiatic 
Elephant. The modification observed in the Voles (^Arvicola') calls 
to mind the molars of the African Elephant. The partial folds 
and islands of enamel in the molars of the Porcupine and Agouti 
foreshow the structure of the teeth of the Rhinoceros. The 
opposite lateral inflections of enamel in the molars of the Gerbille 
and Cape Mole-rat, represent the structure of the molars of the 
Hippopotamus. The double crescentic folds in the Jerboa sketch 

^ cxx". and cxxi". 
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out, as it were, the characteristic structure of the molars of the 
Anoplothere and Ruminants, &c. 

The transverse section of the molar of the Water-vole, fig. 237, 
shows that modification of the grinding surface in which the folds 
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structure of the molar of the Water-vole (Arvicola ampkibiu), ma#fiillled. 


of enamel, <?, extend like promontories, some outward, the others 
inward, into the substance of the crown ; a like section of the 
Beaver’s molar exliibits islands with a promontory of enamel. 
The transverse section of the crown of the molar of Lagostomus 
displays not fewer than five islands of enamel, which hard sub- 
stance is so thick that it enters more abundantly into the compo- 
sition of the tooth than the dentine itself. The pulp, after the 
formation of a certain thickness of tubular dentine, becomes 
converted into osteo-dentine in both the rooted and rootless 
molars of the Rodents. This fourth substance is exhibited at o, 
fig. 237, which shows the four different dental tissues, viz. cement, c, 
enamel, dentine, d, and ostco-dentine, o, entering in more equal 
proportions into the formation of the crown than in other Mam- 
malian teeth. When the crown is worn by mastication down to 
the place of the section figured, the four substances appear in the 
same proportions on the grinding surface, contributing to its effi- 
ciency as a triturating organ by the inequalities consequent on 
their various degrees of density and resistance to the abrading 
forces. 

The molars are not numerous in any Rodent ; the Hare and 
Rabbit {Lepus) have i.e. six molars on each side of the 

upper jaw, fig. 238, and five on each side of the lower jaw, vol. ii. 
fig. 233. The Pika {Lagomys) has The Squirrels have 
Hie families of the Dormice, the Porcupines, the Spring-rats 
{Echimyid(B\ the Octodonts, the Chinchillas, and the Cavies, figs. 
235, 236, have J molars. In the great family of 'Rfit^{Murid(B 
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the normal number of molars is f ; but the Australian TV ater- 
rat (^Hydromys) has but molars, making, with the incisors, 
twelve teeth, which is the smallest number in the Kodent order. 
The greatest number of teeth in the present order is twenty-eight, 
which is exemplified in the Hare and liabbit; but forty teeth 
are developed in these species, ten molars and two incisors being 
deciduous. 

The first or anterior of the molar series, whether the number 
be 2 - 2 , 3 - 3 , or 4 - 4 , is a premolar ; it has displaced a deciduous 
predecessor in the vertical direction. When the series extends 
to 5-5 or 6 - 6 , the additions are to the fore part, and are pre- 
molars. This it is which constitutes the essential distinction 
between the dentition of the marsupial and the placental Rodent ; 
the latter, like the placental Carnivora^ Quadrumana^ and Ungu- 
lata^ having never more than three true molars. Thus the Rodents 
which have the molar formula of shed the first tooth in each 
series, and this is succeeded by a permanent premolar, which comes 
into place later than the true molai's^ — later at least than the first 
and second, even when the deciduous molar is shed before birth, 
as was observed by Cuvier in the Guinea-pig. In the Hare and 
Rabbit, three anterior teeth in the upper jaw, fig 2.38, p, succeed 
and displace three deciduous predecessors, ib. d, coming into place 
after the first and second true molars, ib. m, are in use, and con- 

tem})oraneously with the last 
naolar. It docs not appear 
that the scalpriform incisors, 
ib. /, arc preceded by milk 
teeth, or, like the prcmolars 
of the Guinea-pig, by ute- 
rine teeth ; but the second 
incisor, ib. z, 2, is so preceded 
— e.g. by the tooth marked 
d, i, 2 ^ at which period of dentition six incisors arc present in the 
upper jaw. This condition is interesting both as a transitory mani- 
festation of the normal number of incisive teeth in the mammalian 
series, and as it elucidates the disputed nature cf the great anterior 
scalpriform teeth of the Rodentia. It has been contended that 
they are canines, because those of the upper jaw extended 
their fang backward into the maxillary bone, which lodged part 
of their hollow base and matrix. But the scalpriform teeth are 
confined exclusively to the premaxillary bones at the beginning 
of their formation, and the smaller incisors which are developed 
behind them, in our anomalous native Rodents, the Hare and 
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Kabbit, retain their usual relations with the premaxillaries, thus 
proving, a fortiori^ that the tooth which projects anterior to them 
must also be an incisor. 

The law of the unlimited growth of the scalpriform incisors is 
unconditional ; and constant exercise and abrasion are required 
to maintain the normal and serviceable form and proportions of 
these teeth. When, by accident, an opposing incisor is lost, or 
when, by the distorted union of a broken jaw, the lower incisors 
no longer meet the upper ones, as sometimes happens to a wounded 
hare, the incisors continue to grow until they project like the 
tusks of the elephant, and their extremities, in the poor animal’s 
painful attempts to acquire food, also become pointed like tusks. 
Following the curve prescribed to their growth by the form of 
their socket, their points often return against some part of the 
liead, are pressed through the skin, 
then cause absorption of the jaw-bone, 
and again enter the mouth, rendering 
mastication impracticable and causing 
death by starvation. I have seen a 
lower jaw of a beaver, in which the 
scalpriform incisor has, by unchecked 
growth, described a com 2 )lcte circle. 

The point had pierced the masseter 
muscle, and entered the back of the 
mouth, passing between the condyloid and coronoid processes of 
the lower jaw, descending to the back part of the molar teeth, 
in the advance of the part of its own alveolus, which contains its 
hollow root. The upper jaw of a Rabbit, with an analogous ab- 
normal growth of the scalpriform and accessory incisors, is shown 
in fig. 239. 
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Forepart of upper jaw of a l{al»l>It, with 
Incisors of ahnormal growth. 


D. Insectivora, — The dental system in this order is remarkable 
for the many varieties and even anomalies which it presents — 
almost the only characteristic predicable of it being the presence 
of sharp points or cusps upon the crowns of the molar teeth, 
which are always broader in the upper than in the lower jaw. 
The teeth that intervene between these and the incisors are most 
variable in form and size, but are never absent; the incisors 
differ in number, size, and shape, in different species, the anterior 
ones approximating in some species to the character of the scalpri- 
form teeth of the Rodents. They may be wholly absent in the 
upper jaw, fig. 242, A. 

The Chrysochlore, or iridescent Mole of the Cape, makes the 
nearest approach, by the number of its molar teeth, fig. 240, to 
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that remarkable coiulitioii which a solitary genus (^Mj/rmecohius ) 
of existing Marsupials also presents, ami wliich was more abun- 
dantly manifested in the 
extinct Amphitheria and 
Spalacotheria of the Oo- 
litic period. At least § 
true molars may be as- 
signed to the Chryso- 
cUlore according to their 
lorm — the only charac- 
ter> in the absence of the 
known order of their 
Tertical displacement and 
succession, by which the 
true and false molars can 
at present be defined in 
this species. In the 
upper jaw, i7;. 1, the an- 
terior large laniariform 
tooth, and the two suc- 
ceeding small teeth, are 
incisors, by virtue of 
their position in the pre- 
maxillary bones ; the next small tooth, with a simple compressed 
tricuspid crow n, may be regarded either as a canine or a premolar. 
The crow^ns of the true molars arc thin plates, narrowed from be- 
fore backw'ard, with two notches on the working edge, and a longi- 
tudinal groove along the outer and thicker margin. Another 
anomaly, more remarkable than that of the shape of the true 
molars, is their separation from each other by vacant intervals, 
as in many Reptiles. 

The crowns of the five lower true molars, ib. 2, 2... 6, are com- 
pressed antero-posteriorly, but are of unusual length, and have 
the thicker margin turned inward; the summit of the outer 
border is pointed and most prominent ; the inner division is sub- 
divided into two points. The anterior incisor is small and pro- 
cumbent ; the second has a larger laniariform crown ; the third 
is small, and resembles the two premolars which intervene be- 
tween this and the first large tricuspid molar. The lower molars 
are separated by wider intervals than those above ; the crowns of 
the opposing series enter reciprocally the interspaces, and inter- 
lock ; in mastication, the anterior margin of the lower tooth works 
upon the posterior margin of the opposite upper tooth. 
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The views of the nature of these teeth, as given in the foregoing 
description, are expressed by the following formula; — 


.3.3 
* 3.3 




1.1 


6.6 


2 . 2 * "‘575 


= 40 . 


The small insectivorous mammal, called Spalacotherium^ which 
has left its fossil remains in the upper Oolite of Purbeck, had ten 
molar teeth on each side of the lower jaw, of which six at least 
presented a tricuspid crown with proportions very similar to those 
of the Chrysochlore. 

In the Shrew-moles of America (Scalops) the dentition makes 
an important step towards the normal mammalian condition, by 
the restriction of the characters of the true molar teeth to the 
three posterior ones in each lateral series. Between these and the 
large scalpriform incisor, in the upper jaw, there are six teeth, 
the first two of which must also be regarded, by the analogy of 
the Chrysochlore, as incisors ; the next tooth might pass for a 
canine ; and the remaining three for premolars : of these the last 
is the largest, and has a triedral pointed crown. The true molars 
have large crowns, each with 
six cusps, four on the outer, 
and two on the inner j)art of 
the grinding surface. In the 
lower jaw the first incisor is 
small and procumbent, and 
the second large and lani- 
ariform ; the third is absent, 
and a vacant space separates 
the incisors from the three 
premolars, and the crown 
of each true molar consists 
of two f)arallel three-sided 
prisms, each terminated by 
three cusps, and having one 
of the angles turned out- 
ward, and one of the faces 
inward. The dental formula 
of this genus, according to 
the above description, is — 

.3.3 1.1 3.3 3.3 Dentition of Mole (Ta/pa). 

* 272 ’ %. 0 *^ 373 * '” 3 ‘: 3 “^®* 

The dentition of the common Mole (Talpa europcea), Sg, 241, 
includes eleven teeth on each side of both upper and lower 
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jaws. The first three, i, in the upper jaw are very small, with 
simple incisive crowns, and arc each implanted by a long and slender 
fang in the premaxillary, 22 : these teeth are incisors. The next 
tooth, c, by the size and shape of the crown, represents a canine, 
but it is implanted by two fangs, like the succeeding premolar 
teeth. Three of these teeth, p 1, 2, 3, are of small size, with 
compressed conical crowns ; the fourth premolar, p 4 , has a larger 
three-sided conical crown, supported by three fangs : the crowns 
of the true molars, ?n i, 2, 3 , are multicuspid; the middle one the 
largest, with five points, and usually supported by four fangs, the 
hindmost the smallest, with a tricuspid crown and three fangs. 
In the lower jaw the first four teeth on each side are small, simple, 
and single-fanged, like the three incisors above, but the outer- 
most, r, is the largest ; the fifth tooth has a large laniariform 
crown, supported by two fangs, being very similar to, but shorter 
than, the two-fanged canine above. As It passes behind that 
tooth when the mouth is shut, we must regard it as a premolar, 
p i : it is the first and largest of the series of four prcmolars, 
each of which has a small posterior talon at the base of the com- 
pressed couical crown. The three true molars, tn 1, 2, 3, are 
each implanted by two fangs, and have quinque-cuspid crowns, 
the middle molar being the largest. 

• According to this homology, the dental formula of the genus 
Talpa is — 


.3.3 1.1 


3.3’ 1.1 * ^ 4.4’ 3.3 


4.4 


m - = 44 . 


The teeth are equal in number, and alike in both jaws ; the true 
molars are reduced to the normal quantity in the placental series, 
and the entire dentition is the least anomalous of any which is 
manifested in the family Talpidce, 

The transition from the Moles to the Shrews seems to be made 
by the Water-moles {My gale) and the Solenodon, The latter 
insect! vore combines the form of a gigantic Shrew, with a denti - 
tion resembling that of the Chrysochlore. Each premaxillary 
bone contains three incisors, the first large, canine-shaped, grooved 
anteriorly, with the point inclined backward ; the other two 
incisors small, with simple conical crowns ; these are succeeded 
by seven teeth, the two anterior having three-sided conical 
crowns, the other five bearing, in addition, an external tuber- 
culate basal ridge. In the lower jaw, the anterior incisor is very 
small, and the second large and laniariform, as in Scalops, but it 
is remarkable for a deep longitudinal excavation upon its inner 
side ; the third lower incisor is small and simple. Of the seven 
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succeeding teeth, the four last have multicuspid crowns like true 
molars. Potamogale ' has — 


. 3.3 0.0 3.3 3.3 

* 3.3’ ^ 0.0’ ^ 3.3* ^ 3.3 


In this large otter-like piscivorous shrew the anterior tooth of 
the premolar series, in the above formula, may be homologous 
with the canine in fig. 242 ; the double fang of the upper one 
would not bar such determination. The posterior incisors and 
the premolars have triangular trenchant crowns like the teeth of 
some sharks : the anterior upper, and the second lower, incisors 
are large and prehensile, as in Solenodon. 

The typical Shrews always manifest their rodent analogy hyk 
the great preponderance of the anterior pair of incisors in both 
upper and lower jaws (vol. ii.* p. 277, fig. 155^). In the lower jaw 
the great incisor, ib. 2, z, is uniformly succeeded by two small, 
p 3, 4, and three large, m i, 2, 3, multicuspid molars; but in the 
upper jaw the number of small premolars varies. The last true 
molar is commonly of small size. The subgenera of Shrews are 
chiefly based upon the form of the large incisors and the numerical 
variations of the dentition of the upper jaw. In the common Shrew 
{Sorex araneus, Linn.) there are three true molars and four small 
teeth between these and the anterior incisor; this tootii, ib. 1, z, 
has a pointed tubercle at the back of the base of the crown. The 
long procumbent incisor of tlie lower jaw has the trencliant supe- 
rior margin entire. In the Sorex {Amphisorex) tetragoiiurusy the 
upper edge of the lower incisor is notched ; the large upper incisor 
appears bifurcate from the great development of the posterior 
talon ; five small teeth, progressively decreasing in size, intervene 
between the upper large incisor and the true molars. In the 
Sorex i^Hydrosorex) Hermanniy the trenchant edge of the lower 
])rocumbent incisor is entire ; there are four small teeth between 
the large anterior incisor and the true molars in the upper jaw, as 
in the great Sorex indicus\ but the three first are subequal, and 
the fourth very minute ; there is a fourth small true molar above. 
The enamelled tij)s of the teeth of the species of Amphisorex and 
Hydrosorex are stained of a bright brown colour ; the teeth of Sorex 
proper, as the common Shrew (aS. araneus)^ are not so stained.** 

In the progress of the formation of the large notched incisors, 
the summits of the tubercles are first formed as detached points. 


* Du Chaillu, xiii'', and clxvi", p. 353. 

* cnxv", p. 6. 

* In this figure the tooth marked p 1, being nt the suture of the premaxillary with 
the maxillary, should be the canine, c 1. 

^ CLXVIl", p. 6. 

VOL. III. 
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supported upon the common pnlp^ and do not become united 
until the centripetal calcification has converted this into a common 
dentinal base. Some anatomists have regarded the large incisor 
so formed as an aggregate of two or three teeth ; but in Sorex 
proper and Hydrosorexy the calcification of the lower incisor 
spreads from a single point, and the interpretation of the notched 
incisor of the Amphisorexy as the representative of these incisors, 
mighty by parity of reasoning, be applied to the human incisor 
teethy the dentated margins of which arc likewise originally three 
or four separate tubercles. 


The determination of the small teeth between the large an- 
•terior incisoi*s and the miilticuspid molars depends upon the 
extent of the early anchylosed premaxi llaries ; the incisors being 
defined by their implantation in thos’c bones, the succeeding small 
and simple-crowned molars must be regarded as premolars, not 
any of them having the development or office of a canine tooth ; 
their homotypcs in the lower jaw are imidanted by two roots. 

The thickness of the enamel, in proportion to the body of 
dentine, is unusually great in these small insectivorcs, and the 
sharp points of the teeth long retain their fitness for the office 
of cracking and crushing the hard or tough teguments of insects. 
The enamel-pulp of the lower incisors is so large as to over- 
lap, in the young Shrew, the growing margin of the socket, so 
as to encase with enamel not only the crown of the tooth, but 
also the contiguous part of the jawbone : the roots of these teeth 
242 also beeome anchylosed to 



Di'iit itlon of Rhynchocyon. Lxxxiv'. 


the jawbone, a reptilian cha- 
racter offered by the SoricidcB 
alone in the Mammalian class. 

In a large long-legged and 
long-snouted African Shrew 
( Rhynchocyoriy Peters ' ) the 
lower incisors are bilobed ; 
the upper ones absent, giving 
the following dental for- 
mula, fig. 242 : — 


'3.3’ "^1,1 ’^3.3* 


The premaxillaries terminate 
in a trenchant edentulous 


border, a, as in the true ruminant : to the hard gum covering it are 
opposed the crowns of the six lower incisors, ib. b, 2 ; a canine, c, 
with a similar-sized but simple crown, seems part of the semi-cir- 


• LXXXIV', p. 106. 
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cular incisive series, as in ruminants, and is separated by a slight 
interval from the prenjplar, 2, The canine above, a, c, has a long 
compressed pointed crown, with a sharp hind border : its root is 
deeply implanted and divided into two fangs : it descends outside 
the lower teeth and their alveoli, reminding one of the canines in 
the small Musk-deer. The upper premolars. A, /?, 2 , 3 , 4, have 
compressed pointed crowns increasing in size as they approach 
the molars : the hind border of the second has one notch, that of 
the third two notches, and a low sub-bilobed inner portion. The 
molars decrease in size to the third : the first and second above 
have two outer cusps more produced than the two inner ones : 
the third molar has the hind pair blended into one cusp. Th6 
first lower premolar has a longer but thinner crown than the 
last. The first and second lower molars are 4-cuspid ; the third, 

3- cuspid ; and the first has an anterior talon. 

T[facroscelides and PetrodromuSy also South African Insec- 
tivora with long hind-limbs and a long snout, have similar 

4- cuspid molar teeth, the last molar the smallest and with the 
outer and inner cusps of the hind pair blended into one. The 
last premolar above has a low beginning of the inner cusps, 
which are the lowest in the true 

molars. In the lower jaw of J ^ 

Macroscelides fuscus the type ' ^ ^ ^ 

scries is preserved, viz. : — i 3, ^ 3 

c \ , p 4, m 3 ; but p i is undeve- ^ 

loped above ; and p 1 is wanting, ^ ® ^9 

both above and below, in /V / [Cw 

trodromus, as in Phynchocyon, mY ' I KErf / 

Bdeogale crassicauda (Pe- ^ \ * 

ters), with the following for- ^ j 


is remarkable for the large pro- ' 

portional size of the upper I 

outer incisor, wRch almost 
equals the canine. \ 

In the dentition of the Tu- ® 

paias (^GlisoreXy fig. 243) we 1. UpiTcr j; 
trace characters intermediate 2 . Lower j 
between those of Shrews and Hedgehogs. 
(jflisorex tana is — 


Dentition of Tupaia. 

1. UpiTcr j.aw, b s»ide view', a w'orklnpr surfjice 

2. Low’er jaw, a working' surface, b side view'. 


The dental formula of 
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The upper incisors are small, simple, and wide apart in the 
upper jaw, I ; the anterior incisor in the l^wcr jaw, 2, is long and 
procumbent, but relatively smaller than in the Shrews ; the 
canines are small in both jaws ; the premolars, 2 , 3 , 4, increase 
in size and complexity as they approach the true molars, 1 , 2 , 3. 

In Gymnura each premaxillary bone contains three teeth ; the 
next has the form and size of a canine in both upper and lower 
jaws, but has tw^o roots in the upper jaw ; this is followed by four 
premolars, the last of which, in the upper jaw, is large and quad- 
ricuspid : the first and second of the true molars have square 
multicnspid crowns; the last molar is smaller and triangular. 
In the lower jaw the fourth premolar has a compressed tricuspid 
crown. The dental formula of Gymnura is typical, viz. : — 


* 3.3* ^ i.r^ 4.4* 


The dentition of our common Hedgehog {Erinaceus europcltus) 
shows greater inequality in the upper and lower jaws, the formula 
being — 


.3.3 1.1 3.3 

* 3 ^ 3 ’ ^0.0’ ^2.2' 


m 


3.3 

3.3 


36, fig. 244. 


The first incisor in both upper and lower jaws is larger and 
1 244 longer than the rest, and 




is very deeply implanted 
in the jaw; the tooth 
which follows the incisors 
is small in both jaws, 
but especially so in the 
lower ; it may be called 
a canine with two roots 
in the upper jaw, p 1 . 
The last premolar is the 
largest in both jaws ; 
above it has a quadri- 
cuspid crown with three 
fangs; below, a subcom- 
pressea tricuspid crown 
with two fangs. The true 
molars decrease in size 
from the first to the third 


Dentition of Hedgobog. 

1. Lc^wer jaw, h side view, a working surface. 


in both jaws, the first 


2 . Upper jaw, a working surface, 6 side view. and SeCOnd haVC Sub- 


quadrate four-pointed crowns above ; below, they are narrower, 
and the anterior and inner angle is produced into a fifth cusp. 
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The true molars of the tropical Hedgehogs, forming the sub- 
genera Echinops and Ericulus^ are more simple, and approach the 
form of those in the Chrysochlore, being compressed from before 
backward, with two outer cusps and one inner cusp in the upper 
jaw, and with one outer and two inner cusps in the lower 
jaw. The number of incisors is f :f in both subgenera, which arc 
followed by f ;|* small and simple premolars ; but Ericulus has f 
compressed tricuspid molars, and Echinops only 

The large Tenrecs or tailless Hedgehogs of Madagascar, com- 
bine the simple molars of Ericulus with the most formidably 
developed canines which are to be met with in the whole order 
Insectimra. The incisors are two ih number in the upper jaw, 
but three in the lower jaw; very small and sub-equal in both; 
the canines are long and large, compressed, trenchant, sharp- 
pointed, recurved, and single-fanged, thus presenting all the 
typical characters of those teeth in the Carnivora. They are 
separated in both jaws by a wide space from the premolars ; the 
first above is compressed, unicuspid with a hinder talon, and 
two-fanged ; the second has a larger prismatic tricuspid crown and 
three fangs ; of the four posterior teeth, which by their antero- 
posterior compression may be regarded as true molars, the first 
three have tricuspid crowns as in the Echinops^ and have three 
fangs ; the fourth is smaller, is tricuspid, and has two fangs ; all 
the lower molars have two fangs. 

The teeth of Insectivora consist of a basis of hard dentine, 
with a thick coronal investment of enamel, and an outer covering 
of cement, very recognisable in the interspaces of the coronal 
cusps in microscopic sections of the molars of the larger species, 
as the Tenrecs and Macroscelids, and always thick when it closes 
the extremity of the fangs. Here the cement is commonly more 
Iiighly organised, is traversed by medullary canals, generally 
presenting concentric walls ; it thus assumes the character of true 
bone, and, in the Soricidesy is frequently continued into the sub- 
stance of the jaw itself. 

The small proportion of dentine, in comparison with the thick 
layer of enamel, Kas been already alluded to in the Shrews, yet 
the dentinal tubuli are at their commencement very little inferior 
in diameter to those of the human incisors ; the trunks are very 
short, and are resolved into radiated penicilli of undulating 
branches, which quickly subdivide, interlace and anastomose 
together near the boundary line between the dentine and enamel. 
In most of the Insectivoray the secondary branches of the den- 
tinal tubes are unusually consjucuous, especially in the dentine 
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forming the fangs. The dentinal compartments (vol. i. fig. 237) 
are rarely well defined ; in the large canines of the Centetes they 
are subhexagonal. 

The deciduous teeth of the Moles and Shrews are uterine, i.e., 
are developed and disappear before birth. They are extremely 
small, and are all of the most simple form. In the fetal Sorex 
araneus calcification of thf papillary exposed pulps of the teeth, 
which are succeeded by the first and second premolars, proceeds 
to a very slight extent, and these microscopic rudiments appear 
to be absorbed rather than shed. The deciduous incisors are 
further advanced before their displacement, and present the form 
of equal-sized dentinal spicdla, tipped with enamel, attached by 
the opposite end to the gum, and not exceeding 4 ^th of an inch 
in length ; the number of the uterine series of teeth is 

In the volant Insectivora^ or Bats, the canines are always 
present in both jaws, of the normal form, and with slightly 
variable proportions. The molar series never exceeds f : and is 
divisible into premolai*s and true molars ; the latter are bristled 
with sharp points in the great bulk of the Cheiroptera. The inci- 
sors are the most variable teeth ; they may be entirely wanting, or 


be present in the numbers of ; they are always very small, 

and, in the upper jaw, commonly unequal, and separated by a 
wide median vacancy. In the genus Chilonycterisy the mid- 
incisors above and the outer ones below have the crown notched ; 
the mid-incisors below have two notclies, producing three lobes 
on the cutting border. Taking the common simple-nosed Bat 

( Vespertilio murinus^ as a 
type of this Insectivorous 
group, we find its dental 
formula to be — 


245 




.2.2 
* 3.3' 


l.l 3.3 3.3 

C — =38. 


l.r^3.3' "3.3 

In the leaf-nosed Bats 
{Phyllostomay fig. 245) the 
incisors are f;|, the mid 
pair above being large and 
laniariform ; the canines 
are well-developed in both 
jaws. The second premo- 
lar above has a large, triedral, pointed crown. The first and second 
molars have two large external, and three small internal cusps; 
The dentitiou of the blood-sucking Bats deviates, as might be 


Dentition of leaf-nused Bat (Phffiloatomd). 
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246 



Skull and Teeth of the Vain- 
plre-J3at {Desmodua Vampirus). 


anticipated^ in a remarkable degree from that of the insectivorous 
kinds. The crushing instruments required for the food of the 
latter are not needed ; and the true molars, 
with their bristled crowns, are entirely absent 
in the Vampires {Desmodus), fig. 246. The 
teeth, at the fore-part of the mouth, are espe- 
cially developed, and fashioned for the inflic- 
tion of a deep and clean triangular puncture, 
like that made by a leech. The incisors are 
two in number above, closely approximated, 
one in each premaxillary bone, with a very large, compressed, 
curved, and sharp-pointed crown, implanted by a strong fang whicli 
extends into the maxillary bone. The upper canines have similar 
large lancet-shaped crowns, and their bases touch those of the In- 
cisors. In the lower jaw the incisors are two in number on each 
side, much smaller than the upper pair, and with bilobed crowns. 
The lower canines are nearly equal in size to those above, and 
have similar piercing trenchant crowns. The molar series is reduced 
above to two very small teeth, each with a simple compressed 
conical crown, implanted by a single fang. The first two molars 
below resemble those above ; but they are followed by a third, 
which has a larger compressed and bilobed crown, implanted by 
two fangs. This tooth corresponds with the last prt molar in tlie 
more normal genera. The dental formula of the true Desinodus 
is thus reduced to — 


, 1.1 


1.1 


2.2 


2.2' l.l' ^ 3.3 


= 20 . 


The opposite extreme which the aberrant varieties of the Chei- 
ropterous dentition attain is manifested in the gi’eat frugivorous 
Bats : these constitute the genus Pteropus ; their dental formula 

is — 


l.l 2.2 
* 2.2* ^ 1.1* ^ 3.3’ 


3.3 

3.3 


= 34. 


(vol. ii. p. 388, fig. 252) : their molars have broad flat crowns. 
In some African Pteropi {Pu macrocephalus and Pt, Whitei) the 
last small molar would seem to be wanting in both upper and 
lower jaws. The deciduous teeth make their appeai’ance above 
the gum in Bats, as in Shrews, before birth ; but they attain a 
more completely developed state, and are retained until a short 
time after birth, when they are shed. 

The Colugos {Galeopithecus) resemble the Bats in the great 
expanse of their parachute, formed by the fold of integument 
extending on each side from the fore to the hind extremity, and 
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in the incompleteness of the rim of the orbit (vol. ii. p. 388, 
fig. 253, a). The dental formula of the genus is — 


1 .1 2.2 
^ 1 . 1 ’^ 2 . 2 ’ 


= figs. 247, 248. 




The two anterior incisors of the upper jaw are separated by a 
247 wide interspace. In the Phi- 

§« lippine Colugo they are very 

small, with simple sub-bilobed 
crowns ; but in the common Co- 
lugo {Lemur volans^ Linn.; 
leopithecus Temminckii, Wat.) 
their crown is an expanded 
plate with three or four tuber- 
cles ; the second upper incisor 
presents the peculiarity of an 
insertion by two fangs in both 
species of Galeopithecus. 

In the lower jaw the crowns 
of the first two incisors, /, pre- 
sent the form of a comb, and 
are in this respect unique in the 
class Mammalia. Fig. 249 
shows a section of one of these 
teeth magnified. This singular 
„ form of tooth is produced by 

Upper jaw and tocth, ^ 

the deeper extension of the 
marginal notches on the crown, analogous to those on the edge of 
the new-formed human incisor, and of those of certain Shrews, 
248 notches being more nu- 

I merous as well as deeper. 

I Each of these broad pec- 

j r tinated teeth is implanted 

I 13 by a single conical fang, and 

N. jg excavated by a pulp- 

^ cavity, which divides into as 

Lower jaw and teeth, (ialeopiUwciis. , , ■, 

many canals as there are 
divisions of the crown, one being continued up the centre of each 
to within a short distance of its apical extremity. The medullary 
canal or branch of the pulp-cavity is shown in some of the divi- 
sions of the crown, at p. Each division has its proper investment 
of enamel, e, which substance is continued for a short distance 
upon the common base. * 

The deciduous teeth appear not to cut the gum before birth, as 


Upper jaw and teeth, GdleopUhccns. 




Lower jaw and teeth, (iaJeopiUiccus. 
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they do in the true Bats. In a foetus of Galeopithecus Tem-‘ 
minckiiy with a head one inch and a half in length, I found the 
calcification of the first incisor just commenced in the closed 
alveolus, the second incisor 249 

and the rest of the decidu- 
ous series being represented 
by the vascular uncalcified 
matrices. The upper milk 
teeth consist of two incisors, 
a canine, and two molars, 
which latter are displaced 
and succeeded by the two 
premolars. The deciduous 
teeth are six in number in 
the lower jaw, the incisors 
being pectinated, but much 
smaller than their succes- 
sors. The true molars arc 
developed and in place be- 
fore the deciduous teeth 
arc shed. 

E. Quadriimana, — In 
entering upon the dentition 
of theQuadrumanous order, 
we pass from that of the section of lower incisor, v. 

Insectwora by the Colugo, and seem to quit the Rodentia by 
the Aye-aye ( Chiromys), In this genus of ^hc Lemurine animals, 
as in Phascolomys amongst the Mai’supials, Desmodus amongst the 
Bats, and Sorex amongst the Insectivores, the dentition is modi- 
fied in analogical conformity with the Rodent type, to which, in 
the present instant, it makes a very close approximation, the 
canines being absent, and a wide vacancy separating the single 
pair of large curved scalpriform incisors in each jaw from the 
short series of molars. 

The upper incisors (vol. ii. p. 513, fig, 343, 22 ) are curved 
in the segment of a circle, and deeply implanted. The short 
exserted crowns touch one another, their simple widely exca- 
vated fangs diverging as they penetrate the substance of the jaw. 
These crowns also project obliquely forward, and do not extend 
vertically downward, as in the true Rodentia. The lower inci- 
sors are more depressed, and of greater breadth from before back- 
ward, than the upper ones. They are more curved than in the 
Rodentia^ describing a semicircle, three-fourths of which are 
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lodged in the socket, which extends backward beyond the last 
molar tooth to the base of the coronoid process. The most im- 
portant character by which the incisors of this anomalous Lemur 
differ from those of the Rodentia is the entire investment of ena- 
mel, which is, however, thicker upon the front than upon the back 
part of the tooth. The molar teeth are four on each side of the 
upper jaw, and three on each side of the lower jawj implanted 
vertically and in parallel lines. The molars are of simple struc- 
ture, with a continuous outer coat of enamel, and a flat subelliptic 
grinding surface. The upper ones are of unequal size, the first 
being the smallest, and the sec.ond the largest. In the lower jaw 
the inequality is less, and the last molar is the least. The first and 
last molars above have but one root; tlie second and third have 
each three roots. The first lower molar has two roots ; the second 
and third have each a single root. The adult dental formula is — 


.1.1 0 1.1 3.3 


The deciduous dentition is 


1.1 , 1.1 


The second upper incisor and canine, and the lower milk-molar, all 


which are very minute, are not replaced ; the first true or perma- 
nent molar follows so S 2 )ecdily the deciduous one that, being ‘ in 
place’ therewith, it has been reckoned with the milk-dentition. ‘ 
The lower jaw is modified to give strength to the muscles 

wielding the enormous and 
jiowerful incisors by the low 
position of the condyle, analo- 
gous to tliat in Plagiaulax and 
other carnivorous Mammals, 
contrasting with its high 2 )osi^ 
tion in true Rodents and Kan- 
garoos. 

The Avahi, or woollcy Le- 
mur {Lichanotus lanigevy fig. 
250), has the incisors of the 
lower law large and limited to a 

Denlition of Woolley Lemur. • i • -i o ^ 

Single jiair, but tar trom show- 
ing the projMirtions of those in Chiromgs : the ujiper incisors are 
in two pairs, as in the milk-dentition in Chiromgs^ and are small. 

The dental formula in the Slow Lemurs { Stenops^ Tnrsivs) is * - 



l.l 3.3 

11*^’ « ft' 


The first ui)per incisor is larger than the second. 


* exxn". 
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Otolicnus and Lemur have the same number and kinds of 
teeth. In the upper jaw the incisors are small and vertical ; the 
two on the right side are separated by a wide space from the 
two on the left. The lower canines are compressed and procum- 
bent like the incisors, but are a little larger. The upper canine 
is long, curved, compressed, sharp-edged, and pointed. The 
three upper premolars have the outer part of the crown pro- 
longed into a compressed pointed lobe, whilst the inner part 
forms a tubercle, which is largest in the third. In the true 
molars the inner division of the crown is so increased as to give 
it a quadrate form, the outer division being divided into two 
pointed lobes. The premolars below are long, and the molars 
4-cuspid in Otolicnus. 

All the American Quadrumana are distinguished from the Apes 
and Monkeys of the Old World by the superior number of the 
])remolars, and, by this resemblance to the Lemurs, they show 
their inferior position in the zoological scale. The small ^ Mar- 
mosets,’ however, forming the genera Hapale and Midas^ have but 
two true molar teeth on each side of both jaws, their dental 
formula being — 


, 2.2 


U. 

l.I *^ 3.3* 


2.2 


The Icmurine character of the long, narrow, inferior incisors con- 
tinues to be manifested by the Sakis {Pithecia III.), which, like 
the larger species of Platyrhines called Howlers, Capuchins, and 
Spider-Monkeys, have the normal number of true molar teeth in 
the Quadrumanous order, their dental formula being — 


.2^2 u 3.3 
' 2"2* ^ 1.1’^ 3.3* 



251 


The Capuchin Monkeys ( Cebusy vol. ii. fig. 349) have the four 
lower incisors broad, thick, and wedge-shaped — a form which 
these teeth retain, with slight modi- 
fications, throughout the Quadru- 
manous order. The canines are 
sufficiently developed to inflict se- 
vere wounds. The first three of the 
molar series, p, 2, 3, 4, are bicuspid 
Vremolars; the rest, m, i, 2, 3, are 
quadricuspid true molars. The de- 
ciduous formula is — 


.2.2 l.l 
*2:2' ^ 1.1* 


m „ - = 24. 
3.3 



TT<* At I'T • Deciduous anti i)Liiiiauei)f. UTfh of a young 

I ig. 2ol shows the deciduous senes, cehmApeua. ci.xxn". 
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d i. . d 4, in place, togetlier with the first of the permanent true 
molars, m, i ; the germs of the rest of the permanent teeth are 
exposed in the upper jaw. 

In the Catarhine division of the order, the first or deciduous 
dentition consists of — 


The two milk molars are displaced and succeeded .vertically by 
the two bicuspid premolars, and are followed horizontally by 
three true molars on each side of both upper and lower jaws. 
The permanent formula in all the Old World Quadrumana is — 


2 2 ’ 1 . 1 ’^ 2 . 2 * 


= 32, fig. 252. 


The incisors have always a shape conformable to their name, 

but are very thick and strong ; 
in the upper jaw the middle arc 
larger than the lateral ones, 
and both are larger than those 
below. The canines are coni- 
cal, pointed, with trenchant pos- 
terior margins, always longer 
than the adjoining teeth, and 
acquiring, in the males of the 
great Baboons and Orangs, the 
proportions of those teeth in the Carnivora, The Mandrills Papio 
maimon (fig. 252) have these dental weapons most formidable for 
their size and shape ; especially the upper pair, which descend 
behind the crowns of the lower canines, and along the outside of 
the first lower premolars, the crowns of which seem as if bent 
back by the action of the upper canines ; the anterior longitudinal 
groove of these teeth is very deep, their posterior margin very 
sharp. A long diastema divides the upper canine from the inci- 
sors, a short one separates it from the premolars ; these and the 
three true molars are arranged in a straight line. 

In the Orang-utan (^Pit/iecus Wurmhii\ vol. ii. p. 534, fig. 
355, the thickness of the base of the crown of the upper middle 
incisors equals the breadth of the same ; and they are double the 
size of the lateral incisors. The abraded surface of the front 
incisors in the old Orang forms a broad tract extending obliquely 
from the cutting edge to the back part of the base* of the crown ; 
the lateral incisors are more pointed, the outer angle being ob- 
liquely truncated ; a vacant space of their own breadth divides 
them from the canines. These, in the male Orang, have a long 


252 
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TEETH OF DIPHYODONTS. 


317 


and strong slightly-curved crown, extending below the alveolar 
border of the under jaw when the mouth is shut, with a 
moderately sharp posterior margin, but without an anterior 
groove. In the female Orang the canines are smaller ; the crowns 
extend only a short distance beyond the level of the adjoining 
molars. In the upper jaw both premolars and molars are im- 
planted by three diverging roots, two external and one internal ; 
in the lower jaw the corresponding teeth have two strong di- 
verging roots ; the series of grinders forms a straight line on each 
side of both jaws. 

As the precise characteristics and ordinal distinction of the 
human dentition are best demonstrated by comparison with that 
brute species which is most nearly allied to man, the details of 
such a comparison will here be given and illustrated more fully, 
as manifested in the Gorilla {Troglodytes Gorilla). Fig. 253 
gives a side view of the teeth of a male full-grown, but not aged, 
specimen of this species. In the upper jaw the middle incisors 
are smaller, the lateral ones 2 , 2, larger than those of the Orang ; 
they are thus more nearly equal to each other ; nevertheless the 
proportional superiority of the middle pair is much greater than 
in Man, and the proportional size of the four incisors both to 
the entire skull and to the other teeth is greater. Each incisor 
has a prominent posterior basal ridge, and the outer angle of the 
lateral incisors i, 2 , is rounded oif as in the Orang. The incisors 
incline forward from the vertical line as much as in the Orang. 
Thus the characteristics of the human incisors are, in addition to 
their true incisive wedge-like form, their near equality of size, 
their vertical or nearly vertical position, and small relative size 
to the other teeth and to the entire skull. The diastema between 
the incisors and the canine on each side is as well marked in the 
male Gorilla as in the male Orang. The crown of the canine, 
fig. 253, r, passing outside the interspace between the lower 
canine and premolar, p 3, extends in the male Troglodytes Gorilla 
a little below the alveolar border of the under jaw when the 
mouth is shut ; the upper canine of the male Troglodytes niger 
likewise projects a little below that border. In the male of the 
Chimpanzee {Troglodytes niger\ the upper canine is conical, 
pointed, but more compressed than in the Orang, and with a 
sharper posterior edge; convex anteriorly, becoming flatter at 
the posterior half of the outer surface, and concave on the cor- 
responding part of the inner surface, which is traversed by a 
shallow longitudinal impression ; a feeble longitudinal rising and 
a second linear impression divide this from the convex anterior 



Dentition of an adult male Troglodytes Gorilla, nat. size, cm'. 



DcMitltton oC iuv adult fuuiale Gorilla, nat, hIzc. chi'. 


in the female. In flic male Gorilla the canine is more in- 
clined outward ; the anterior groove on the inner surface of the 
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crown is deeper, the posterior groove is contmued lower down 
upon the fang, and the ridge between the two grooves is more 
prominent than in the Troglodytes niger. Both premolars, 


2.55 



Doiif'tioii of jaw, iiialf Trnglinigt< s iitiiiila, nar. nlzo. crri'. 


fig. 255, p 3, and p 4, are bicuspid ; the outer cusp of the first, 
and the inner cusp of the second being the largest, and the first 
premolar, p 3 , consequently appearing the largest on an external 
view. The difference is well marked in the female, fig. 254, p 3. 
The anterior external angle of the first premolar is not produced 
as in the Orang, which in this respect makes a marked approach 
to the lower Quadrumana, In Man, where the outer curve of 
the premolar part of the dental series is greater than the inner 
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oi \^5 t\ie outer cusps of both premolars are the largest ; the 
alternating superiority of size in the Gorilla accords with the 
straight line which the canine and preinolars form with the true 
molars. In fig. 255, m i, m2, m3, are quadricuspid, relatively 
larger in comparison with the bicuspids than in the Orang. In 
the first and second molars of both species of Troglodytes a low 
ridge connects the antero-internal with the postero-external cusp, 
crossing the crown obliquely, as in Man. There is a feeble 
indication of the same ridge in the unworn molars of the Orang ; 
but the four principal cusps are much less distinct,* and the whole 
grinding surface is flatter and more wrinkled. In Troglodytes 
niger the last molar is the smallest, owing to the inferior develop- 
ment of the two hinder cusps, and the oblique connecting ridge 
is feebly marked. In Troglodytes Gorilla this ridge is as well 
developed as in the other molars, but is more transverse in 
])osition ; and the crown of m 3 is equal in size to that of m i or 
m 2, having the posterior outer cusp, and particularly the pos- 
terior inner cusp, more distinctly developed than in Troglodytes 
niger. The repetition of the strong sigmoid curves which the 
unworn prominences of the first and second true molars present 
in Man, is a very significant indication of the near affinity of the 
Gorilla as compared with the approach made by the Orangs or 
any of the inferior Quadrumana^ in which the four cusps of the 
true molars rise distinct and independently of each other. A 
low ridge girts the base of the antero-internal cusp of each of the 
upper true molars in the male Chimpanzees ; it is less marked in 
flic female. The premolars as well as molars are severally im- 
jdanted by one internal and two external fangs. In no variety of 
the human species are the premolars normally implanted by three 
fangs ; at most the root is bifid, and the outer and inner divisions 
of the root arc commonly connate. It is only in the black varie- 
ties, and more particularly that race inhabiting Australia, that I 
have found the ‘ wisdom-tooth,’ fig. 257, m 3 , with three fangs as a 
general rule ; and the two outer ones are more or less confluent. 
The lower canine of the male (figs 253, 256, c), shows the same 
relative superiority of size as the upper one, compared with that 
in the female, in both species of Troglodytes, The canine almost 
touches the incisor, but is separated by a diastema one line and a 
half broad from the first premolar. This tooth p 3 , is larger ex- 
ternally than the second premolar, and is three times the size of 
the human first premolar, fig. 257, 3 ; it has a subtriedral 

crown, with the anterior and outer angle produced forward, 
slightly indicating the peculiar features of the same tooth in the 
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Baboons 3 but in a less degree than in the Orang. The summit 
of the crown of 3 terminates in two sharp triedral cusps — the 
outer one rising Iiighest and the second cusp being feebly in- 
dicated on the ridge extending from the inner side of the first ; 
the crown has also a thick ridge at the inner and posterior part of 
its base. The second 2 )remolar 3 j) 4, has a subquadrate crown, 
witli the two cusps developed from its anterior half, and a third 
smaller one from the inner angle of the posterior ridge. Each 
lower 2 )remoIar is implanted by two antero-posteriorly compressed 
divergent fangs, one in front of the other, the anterior fang 
being the largest. 

The three true molars are nearly equal in size in the Troglo- 
dytes GorillayfkvQi last being a little larger than the first; in the 
Troglodytes niger^ fig. 256, the first, m i, is a little larger than 
the last, in 3, which is the only molar in the smaller Chimpanzee 
as large as the corresponding tooth in the black varieties of the 
human subjec^n most of which, especially the Australians, fig. 
257, the true molars attain larger dimensions than in the yellow 
or white races. The four princi 2 )al cus 2 )s, es23ecially the two inner 



Tcctli of riglil sldo, lower j.iw, of adult male Cliimpaiact', (Troglodi/tcs nujir), nat. Ki/.e. 


ones of the first molar of both species of Troglodytes, are more 
2 )ointcd and 2 ^rolongcd than in Man ; a fifth small cus 2J is devc- 
lo 2 ied behind the outer pair, as in the Orangs and the Gibbons, 
but is less than that in Man. The same additional cusp is j)rc- 
sent in the second molar, which is seldom seen in Man. The 
crucial groove on the grinding surface is much less distinct than 
in Man, not being continued across the ridge connecting the 
anterior pair of cusps in the Chim 2 ianzee. The crown of the 
third molar is longer antero- 2 )osteriorly from the greater develop- 
ment of the fifth 2 ^osterior ciis23, which, however, is rudimental in 
comparison with that in the Semnopitheques and Macaques. All 
VOL. Ill, y 
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the three true molars are supported by two distinct and well- 
developed antero-posteriorly compressed divergent fangs ; in the 
white and yellow races of the human subject these fangs are 
usually connate in m 3 , and sometimes also in m 2. The molar 
series in both species of Troglodytes forms a straight line, with a 
slight tendency, in the upper jaw, to bend in the opposite direc- 
tion to the well-marked curve which the same series describes in 
the human subject. 

This difference of arrangement, with the more complex implan- 
tation of tlic premolars, the proportionally larger size of the incisors 
as compared with the molars ; the still greater relative magnitude 
of the canines; and, above all, the sexual distinction in that respect 
illustrated by figs. 253 and 254 , stamp the Gorillas and Chim- 
panzees, fig. 256 , most decisively with not merely specific but 
generic distinctive characters as compared with Man. For the 
teeth are fashioned in their shape and proportions in the dark 
recesses of their closed formative alveoli, and do ^t come into the 
sphere of operation of external modifying causes until the full size 
of the crowns has been acquired. The formidable natural weapons 
of the males of both species of Troglodytes^ form the compensation 
for the want of that psychical capacity to forge or fashion de- 
structive instruments which has been reserved, as his exclusive 
prerogative, for Man. Both Chimpanzees and Orangs differ from 
the human subject in the order of the development of the perma- 
nent scries of teeth ; the second molar, m 2, comes into place before 
either of the premolars has cut the gum, and the last molar, m 3, 
is acquired before the canine. We may well suppose that the 
larger grinders are earlier required by the frugivorous Chim- 
panzees and Orangs than by the higher organised omnivorous 
and longer nursed Bimanal, with more numerous and varied re- 
sources, and probably one main condition of the earlier develop- 
ment of the canines and premolars in Man may be their smaller 
relative size. 

F. Biniana, Having reached, in the Gorilla, the highest step 
in the series of the brute creation, our succeeding survey of the 
dental system, cleared and expanded by retrospective comparison, 
becomes fraught with peculiar interest, since every difference so 
detected establishes the true and essential characteristics of that 
part of man’s frame. 

The human teeth arc the same in number and in kind as those 
of the catarhine Quadrumana. The bimanal dental formula is 
therefore — 


. 2.2 
'2.2* 


lA 

1.1* 


2.2 
^ 2.2’ 


3.3 
‘ 3.3 ' 
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that is to say, there are on each side of the jaw, both above and be- 
low, two incisors, one canine, two 23remolars, and three true molars. 

They are more equal in size than in the Quadrumana, No tooth 
surpasses another in the depth of its crown ; and the entire series, 
which describes in both jaws a regular parabolic curve, is uninter- 
rupted by any vacant space (vol. ii.,fig. 182). The most marked 
distinction between the bimanal dentition and that of the highest 
Quadrumanals, is the absence of the interval between the upper 
lateral incisor and the canine, and the comparatively small 
size of the latter tooth ; but its true character is indicated by the 
conical form of the crown, which terminates in an obtuse j3oint, is 
convex outward, and flat or sub-concave within, at the base of 
which surface there is a feeble jirominence. The conical form is 
best expressed in the Melanian races, especially the Australian, 
fig. 257, c. The canine is more deeply implanted, and by a stronger 
fang than the incisors ; but ^e contrast with the Chimpanzee is 
sufficiently manifest, as is shown in fig. 256, c. There is no sexual 

257 



Dcutition, lower jaw, of male Australian, 


superiority of size cither of the canine or any other single tootli 
in the human subject.* 

• In honest argument as to Man’s place in Nature, his zoological characters are to 
be compared with those of the brute that comes nearest to him ; the differences so 
established should be contrasted with those between such brute, the gorilla, e.g., and 
the next Step in the scale, the chimpanzee, e.g.; and so on, step by step, through the 
order which Zoology forms of the scries of species so gradually differentiated. No 
doubt a gorilla differs more in its dentition from a lemur, and still more from a mole or 
a mouse, than it differs from Man. Take another character— the hinder or lower limbs, 
e.g.; contrast the Negro in this respect with the gorilla, and, next, that ape with any 
other quadrumanal. Much as the aye-aye differs as a whole, from the gorilla, it does 
resemble it more in such quadrumanal structure than the gorilla resembles Man. 
Between the two extremes of the four-handed series there is greater organic con- 
formity in the main ordinal character than exists between the highest ape and the 
lo\yest man. Or take the cerebral test. Man’s place in the Natural System is to be 
iudged, not by the degree of difference between the brain of an ape and that of a 
mammal one hundred links removed ; but by the degree of difference between the 
human brain and that of the brute which comes nearest to him, as contrasted with the 
degree of difference between the brains of the gorilla and chimpanzee, or between 
those of any other two conterminous species constituting links in the quadrumanous 
chain. The difference between figs. 147 and 148-9 may be greater than between 149 
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Both Upper and lower premolars, fig. 257, p 3 and 4, are bicuspid; 
they are smaller in proportion to the true molars than in the 
Chimpanzee and Orang. In the upper premolars a deep straight 
fissure at the middle of the crown divides the outer and larger 
from the inner and smaller cusp ; in the lower premolars the boun- 
dary groove describes a curve concave towards the outer cusp, 
and is sometimes obliterated in the middle by the extension of a 
ridge from the outer to the inner cusp, which cusp is smaller in 
proj)ortion than in the uj^per premolars. These teeth in both 
jaws are apparently implanted each by a single, long, subcom- 
pressed, conical fang ; but that of the upper 2 )remolars is shown 
by the bifurcated pulj)-cavity to be essentially two fangs, connate, 
and which, in some instances, are sej)aratcd at their extremities. 

The crowns of the true molars, fig. 257, m i, 2 , 3, arc larger in pro- 
portion to the jaws, are a little larger in proportion to the bicuspids, 
and still more so in proportion to #lie canine anti incisor teeth, 
than in the Chimpanzees and Orangs. The contour of the 
grinding surface is more rounded, and the angles of the crown 
are less marked in the higher than in the lower Quadrumana. 
The first and second true molars of the upper jaw support four 
triedral cusps ; the internal and anterior one is the largest, and 
is connected with the cxteimal and posterior cusp by a low ridge 
extending obliquely across the grinding surface, with a^deej) 
depression on each side of it; the anterior groove extending to 
the middle of the outer surface, the 2 )Osterior one to the inner sur- 
face. The enamel is first worn away by mastication from the 
anterior and internal or largest tubercle ; a line of enamel extending 
from the outside to the middle of the crown is the last to be 
removed before the grinding surface is reduced to a field of den- 
tine with a simple ring of enamel. It is worthy of remark, that 
by the time when tlie j^ermanent teeth have come into place, the 
first true molar in both jaws is more worn, as compared with the 
second and third molars, than it is in the Chimpanzee or Orang, 
o^ving to the slow attainment of maturity characteristic of the 
human S 2 )ccies, and the longer interval which elapses between the 
acquisition of the first and the last true molars, than in the 
highest Quadrumana. In the last true molar, called from its late 
a2)pcarancc the ‘ dens sapientiai,’ or wisdom-tooth, the two inner 
tubercles are blended together, and a fissure extends in many 

and 150 (vol. ii.); but triitli compels tlic remark that the lemur and ape arc sepa- 
rated by numerous gradational .species ; whilst between the ape and man there is no 
known connecting or intermediate link. Logicians have long ago exposed and branded 
the sophism which has of late been propounded to persuade men tliat they arc of the 
order of apes. 
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instances, especially in the Melanian varieties, from the middle of 
the grinding surface, at right angles to that dividing the two 
outer cusps, to the posterior border of the tooth. 

Tlie first upper molar is always implanted by three diverging 
fangs, two external and one internal. The second molar is 
usually similarly implanted, but the two outer fangs are less 
divergent, are sometimes parallel, and occasionally connate ; this 
variety appears to be more common in the Caucasian than in the 
Melanian races ; and in the Australian skulls the wisdom tooth 
usually presents the same three- fanged implantation as in the 
Chimpanzee and Orang. 

The crowns of the inferior true molars are quinque-cuspid, the 
fifth cusp being posterior and connected with the second outer 
cusp : it is occasionally obsolete in the second molar. The four 
normal cusj)s are defined by a crucial impression, the posterior 
branch of which bifurcates to include the fifth cusp ; this bifurca- 
tion being most marked in the last molar where the fifth cusp is 
most developed. In the first molar a fold of enamel, extending 
from the inner surface to the middle of the crown, is the last to 
disappear from the grinding surface in the course of abrasion. 
The wisdom-tooth, fig. 257, m 3, is the smallest of the three 
molars in both jaws, but the difference is less in the Melanian 
than in the Caucasian races. Each of the three lower molars is 
inserted by two sub-compressed fiings, grooved along the side, 
turned towards each other. This double implantation appears to 
be constant in the Melanians, especially the Australian race, in 
which the true molars are relatively larger than in other blacks. 
In Europeans it is not unusual to find the two fangs in both the 
second and third molars connate along a great part or the whole 
of their extent. 

With respect to the reciprocal apposition of the teeth of the 
upper and under jaw, it is interesting to observe that the crown 
of the lower canine is, as usual, in advance of that above, and fits 
into the shallow notch between that and the lateral incisor. The 
inferior incisors are so small that their anterior surface rests 
against the posterior surface of the upper ones when the mouth 
is closed ; the other teeth are opposed crown to crown, the uj^per 
teeth extending a little more outwardly than the lower ones. 

The deciduous series of teeth in the human subject, fig. 258, 
consists of — 


■ 2.2 o 
‘ 2.2' ^ 1.1* 


2.2 
^ 2.2 


: 20 . 


The upper milk incisors of the Chimpanzee are relatively larger 
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than in Man^ especially the middle pair; but the dispropor- 
tionate size of these is still more manifest and characteristic of 

the Orang. The crown 
of the canine is longer 
and more pointed in the 
Chimpanzee than in Man; 
still more so^ and further 
apart from the incisor in 
the Orang. The first 
milk-molar, fig. 258, d 3, 
in the human subject is 
more similar in shape and 
size to 'the second, d 4, 
than it is in either the 
Chimpanzee or Gorilla : 
in which it is relatively 
smaller, showing in the 
lower jaw a subcom- 
pressed triangular crown. 
The eruption of the 

Deciduous and pennancut teetb, Human Child : mt. cj. milk-tecth USUally 

begins in the infant of seven months old, and is completed about 
the end of the second year; those of the lower jaw preceding the 



259 



IHglilj-mapmined section of dentine niul cement, from the fang of a Human molar, v, pi. I2.‘l. 

upper. The average periods of the appearance of both decidu- 
ous and permanent teeth are as follows : — 


Deciduous teeth. 


Permanent teeth. 


7th month, mid-incisor, d i \. 
ib. to lOrh month, lat.-incisor, d i 2. 
12th to 14th month, first molar, d 3. 
14th to 20th month, canine, d c. 

18th to 36th month, second molar, d 4. 


years, first molar, m 1, (fig. 258). 
7th year, mid-incisor, i 1. 

8th year, lat.-incisor, i 2. 

9th year, first bicuspid, p 3. 

10th year, second bicuspid, p 4. 
lull to 12th year, canine, c. 

12th to 13th year, second molar, m 2. 
17th to 21st year, third molar, m 3. 


Tlie structure of human dentine is excnijdified in fig. 259, 
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The dentinal tubes, d, d, send off ramuli into the inter-tubular 
tissue, and terminate cither by anastomotic loops, or in the 
irregular vacuities or cells at the periphery of the dentine. The 
dentinal compartments, or indications of the original cells of the 
dentinal pulp, are shown at «, 4 ; the modified peripheral layer of 
the dentine, remarkable for its superior sensibility, at f/. The 
layer of cement, A, which covers the dentine of the fang, is seldom 
so thick as to show a bone-cell, in human teeth. The structure of 
the dentine relates, in regard to the curvilinear compartments, 
«, b, to the steps in its formation ; and, in regard to its tubular 
columns, to the strength of the tooth and its vitality ; the latter 
imj)ortant property depending on the percolation of the plasma 
through the delicate cellular sructure of the filamentary pro- 
longations of the pulp, so far as they may extend along the tubuli. 
The sensibility of the dentine is due to concomitant productions 
of neurine ; but the distinct tubules are not large enough to 
admit capillary vessels with red particles of blood, and the tissue 
above described 
has consequently 
been termed ^un- 
vascular dentine.’ 

G. Carnivora . — 

The feline denti- 
tion is the best for 
flesh-food. The 
canines, fig. 260, 
a, are of great 
strength, deeply 
implanted in the 
jaw, with the fangs 
thicker and longer than the enamelled crown; this part is 
conical, slightly recurved, sharp-j)ointed, convex in front, with 
one or two longitudinal grooves on the outer side, almost 
flat on the inner side, and with a sharp edge behind. The 
lower canines pass in front of the upper ones when the mouth 
is closed. The incisors, six in number on both jaws, form a trans- 
verse row ; the outermost above, ib. i, is the longest, resembling 
a small canine ; the intermediate ones have broad and thick 
crowns indented by a transverse cleft. The first upper premolar, 
j) 2 , is rudimental ; there is no answerable tooth in the lower jaw. 
The second, p 3, in both jaws, has a strong conical crown sup- 
ported on two fangs. The third upper tooth, p 4, has a cutting or 
trenchant crown divided into three lobes, the last being the largest. 


2G0 



Dentition of Lion. 
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and with a flat inner side, against which the cutting tooth, m\/m 
the lower jaw works obliquely. Behind, and on the inner side of 
the upper tooth, p 4, there is a small tubercular tooth. The feline 
dental formula is — 


. 3.3 1.1 3.3 

^ 1.1 *^ 2 . 2 * 




A glance at the long sub-compressed, trenchant, and sharp- 
pointed canines, suffices to appreciate their peculiar adaptation to 
seize, to hold, to pierc.e, and lacerate a struggling prey. The 
co-adaptations of jaws and skull are given in vol. ii. p. 505. 
The use of the small pincer-shaped incisor teeth is to gnaw the 
soft, gristly ends of the bones, and to tear and scrape off the 
tendinous attachments of the muscles and periosteum. The 
compressed trenchant blades of the sectorial teeth play vertically 
upon each other’s sides like the blades of scissors, serving to cut 
and coarsely divide the flesh ; and the form of the joint of the 
lower jaw almost restricts its movement to the vertical direction, 
up and down. The wide and deep zygomatic arches, fig. 260, 27 , 

and the high crests 
of bone upon the 
skull, ib. 3, 7 , con- 
cur in completing the 
carnivorous physiog- 
nomy of this most 
formidable existing 
species of the feline 
tribe. 

The penultimate 
tooth in the upper 
jaw, fig. 260, p 4 , and 
the last tooth in the 
lower jaw, ib. m 1 , 
were denominated by 
F. Cuvier ^ dent car- 
nassiere,’ which has 
been rendered ^dens 
secterius,’ the ^ secto- 
rial,’ or scissor-tooth. 
It preserves its cha- 
racteristic form only 
in the strictly flesh- 
feeding genera, in which is seen the part called the ‘ blade,’ and 
that called the ^ hump ’ or tubercle. In Fehs the lower sectorial 
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(fig. 261, m i) consists exclusively of the blade, and plays upon 
the inside of that of the upper ^ sectorial.’ This tooth, fig. 261, 
p 4, above, succeeds and displaces a deciduous tubercular molar, 
ib. d 4, in all Carnivores, and is therefore a ^ premolar ; ’ the lower 
sectorial, ib. m i, comes up behind the deciduous series, d d a, 
and has no immediate predecessor ; it is, therefore, a true molar, 
and the first of that class. By these criteria the sectorial teeth may 
always be distinguished under every transitional variety of form 
which they present in the carnivorous series, from Machairodua^ 
fig. 293, IV., in which the crown consists exclusively of the ^ blade’ 
in both jaws, to Ursus, ib. ii., in w'hich it is totally tubercular ; the 
develoinnent of tlie tubercle bearing an inverse relation to the 
carnivorous propensities of the species. 

The dentition of tlie hyaena resembles the feline in the reduc- 
tion of the tubercular molars to a single minute tooth on each side 
of the upper jaw, and in the inferior molars being all conical or 
sectorial teeth ; but the molar teeth in both jaAvs are larger and 
stronger, and the canines smaller in proportion, than in Felines, 
from the formula of which tlie dentition of the hya3na differs 
numerically only in the retention of an additional j^remolar tooth, 
2> 1 above and p 2 beloAV, on each side of both jaws ; it is — 


.3.3 l.l« 


4.4 


' 3.3^ ^ l.r^ 3.3’ 


1.1 

1.1 


- 34. 


The crowns ‘of the incisors form almost a straight transverse line 
in both jaws, the exterior ones, above, being much larger than the 
four middle ones, and extending their long and thick inserted 
base further back ; the crown of the upper and outer incisor is 
strong, conical, recurved, like that of a small canine. The four 
intermediate small incisors have their crown divided by a trans- 
verse cleft into a strong anterior, conical lobe, and a posterior 
ridge, which is notched vertically ; giving the crown the figure of 
a trefoil. The lower incisors gradually increase in size from the 
first to the third ; this and the second have the croAvn indented 
externally ; but they have not the posterior notched ridge like the 
small upper incisors ; the apex of their conical crown fits into the 
interspace of the three lobes of the incisor above. The canines 
have a smooth convex exterior surface ; the inner surface is almost 
flat and of less relative extent in the inferior canines. The first 
premolar above is very small, with a low, thick, conical crown ; 
the second presents a sudden increase of size, and an addition of 
a posterior and internal basal ridge to the strong cone. The third 
premolar exhibits the same form on a still larger scale, and is 
remarkable for its great strength. The posterior part of the cone 
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of each of these premolars is traversed by a longitudinal ridge. 
The fourth premolar above is the carnassial tooth, and has 
its long blade divided by two notches into three lobes, the 
first a small thick cone, the second a long and compressed cone, 
the third a horizontal, sinuous, trenchant plate ; a strong tri- 
edral tubercle, is developed from the inner side of the base of 
the anterior part of the crown. The single true molar of the 
upper jaw is a tubercular tooth of small size. The first premolar 
of tlie lower jaw fits into the interspace between the first and 
second premolars above, and answers, therefore, to the second 
lower premolar in the ViverndcB. The second is the largest of the 
lower premolars ; its crown forms chiefly a strong rounded cone, 
fc/ a basal ridge^ and might serve as the model of a hammer 
/or breaking stones. The last lower tooth is the sectorial,’ as in 
The deciduous teeth consist of — 


.3.3 1.1 3.3 


The permanent dentition of the Hycena assumes those charac- 
teristics which adapt it for the peculiar food and habits of the 
adult : of these the chief is the great size and strength of the 
molars as compared with the canines, and more especially the thick 
and strong conical crowns of the second and third premolars in 
both jaws, the base of the cone being belted by a strong ridge 
which defends the subjacent gum. This form of tooth is especially 
adapted for gnawing and breaking bones, and the whole cranium 
has its shape modified by the enormous development of the muscles 
which work the jaws and teeth in this operation. Adapted to 
obtain its food from the coarser parts of animals which are left by 
the nobler beasts of prey, the hyaena chiefly seeks the dead carcass, 
and bears the same relation to the lion which the vulture does to 
the eagle. 

The family Viverridm, which comprehends the Civets, Genets, 
Ichneumons, Musangs, Surikates, and Mangues, is characterised, 
with few exceptions, by the following formula : — 


.3.3 1.1 4.4 

■ ^r-vP 


3]3’ l.r^ 4.4* 2.2 


2-2 

TO — = 40. 


It differs from that of the genus Canis by the absence of a tuber- 
cular tooth, 7n 3, on eacli side of the lower jaw; but, in thus 
making a nearer step to the feline dentition, the ViverridcB^ on the 
other hand, recede from it by the less trenchant and more tuber- 
cular character of the sectorial teeth. 

The canines are more feeble, and their crowns are almost 
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smooth ; the premolars, however, assume a formidable size and 
shape in some aquatic species, as those of the sub-genus C^nogale^ 
in which their crowns *are large, compressed, triangular, sharp- 
pointed, with trenchant and serrated edges, like the teeth of 
certain sharks (whence the name Squalodon^ proposed for one of 
the species), and well adapted to the exigencies of quadrupeds 
subsisting principally on fish ; the opposite or obtuse, thick form 
of the premolars is manifested by some of the Musangs, e. g. 
Paradoxurus auratus. The deciduous dentition consists, in the 
Viverrine family, of — 


The interlocking of the crowns of the teeth of the upper and 
lower jaws, wliich is their general relative position in the Carni- 
vora, is well-marked in regard to the premolars of the Viverridce ; 
as the lower canine is in front of the upper, so the first lower pre- 
molar rises into the space between the upper canine and first upper 
premolar ; the fourth lower premolar in like manner fills the 
space between the third upper premolar and the sectorial tooth, 
j)laying upon the anterior lobe of the blade of that tooth which 
indicates by its position, as by its mode of succession, that it is 
the fourth premolar of the upper jaw. The first true molar below, 
modified as usual in the Carnivora to form the lower sectorial, 
sends the three tubercles of its anterior j^art to fill the si)ace 
between the sectorial and the first true molar above. In the 
Musangs, the lower sectorial is in more direct opposition to its 
true homotype — the first tubercular molar in the upper jaw ; and 
these Indian Viverridm (^Paradoxui'i) are the least carnivorous of 
their fixmily, their chief food consisting of the fruit of palm-trees, 
whence they have been called ^ Palm-cats,’ 

The normal dental formula of the genus Canis is — 


.3.3 


1 1 4.4 2.2 

^ ^ ri’ ^ 


'3.3* '' l.r^ 4^’ "’3.3 

The incisors increase in size from the first to the third; the 
trenchant margin of the crown is divided by two notches into a 
large middle and two small lateral lobes. The canines, c, are 
curved, sub-compressed; the enamelled pointed crown forms nearly 
half the length of the tooth, and is smooth, without any groove. 
The premolars, fig. 293, i-4, have strong sub-compressed conical 
crowns gradually enlarging from the first to the third, p 3, in the 
upper jaw, and to the fourth, p 4, in the lower jaw, and acquiring 
one or two accessory posterior tubercles as they increase in size. 
The fourth upper preinolar, p 4, presents a sudden increase of 
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size, with its sectorial form; its blade is divided into two cones by 
a wide •notch, the anterior cone being the strongest and most 
produced ; the tubercle is developed from the inner side of the 
base of this lobe. The first and second upper molars, m i and 2 , 
are tuberculate ; but the second is very small, less than half the 
size of the first molar. The first true molar below, m i, is modi- 
fied to form the opposing blade to the sectorial tooth above j re- 
taining the tuberculate character at its posterior half. The blade 
is divided by a vertical linear fissure into two cones, behind which 
the base of the crown extends into a broad trituberculate talon. 
The second molar, m 2 , has two anterior cusps on the same trans- 
verse line, and a j^osterior broad flat talon ; the last lower molar, 
rn 3, is the smallest of all the teeth. 

The absence of a tuberculate molar in the lower jaw of the 
immature Dog, brings the character of the deciduous dentition 
of the genus Canis, fig. 262, closer to the permanent dentition of 
stricter carnivores, and affords an interesting illustration of the 


2G2 



Deciduous and permanent teeth in the Dog (Caw’s). 


law that unity of organisation is manifested directly as the 
proximity of the animal to the commencement of its development. 
The succession of two tubercular molar teeth behind the perma- 
nent sectorial tooth in the permanent dentition of the lower jaw 
contributes to adapt the Dog for a greater variety of climates, of 
food, and of other circumstances, all of which tend, in an important 
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degree, to fit that animal for the performance of its valuable 
services to man. In no other genus of quadruped are the jaws 
so well or so variously armed with dental organs; notwith- 
standing the extent of the series, the vacancies are only sufficient 
to allow the interlocking of the strong canines. These are effi- 
cient and formidable weapons for seizing, slaying, and lacerating 
a living prey ; the incisors are well adapted, by their shape and 
advanced position, for biting and gnawing ; the premolars, and 
especially the sectorials, are made for cutting and coarsely 
dividing the fibres of animal tissues, and the tuberculate molars 
are as admirably adapted for cracking, crushing, and completing 
the comminution of the food, whether of animal or vegetable 
nature. 

The dentition of the Weasel tribe (Mustelidoi) is illustrated in 
fig. 293 IV., Mustela : the dental formula is — 


.3.3 


1.1 4.4 


*3.3’ l.l’^ 


El 

« « » ^ 36 . 

3.3’ 2.2 


The first premolar, p i, in the upper jaw, which is absent in 
the Polecat and Weasel, is retained in the Otter, and is placed 
on the inner side of the canine ; the sectorial premolar, p 4, has 
its inner lobe much more developed in Lntra than in Putorius^ 
and the tubercular molar, 7n i, is relatively larg r. Similar 
modifications of these teeth distinguish the dentition of the lower 
jaw of the Otter, which agrees in the number and kind of teeth 
with that of the Polecat. The increased grinding surface relates 
to the inferior and coarser nature of the animal diet of the Otter, 
the back teeth being thus adapted for crushing the bones of fishes 
before they are swallowed. 

In the Martin cats {Mustela\ the little homotype of i above 
is present in the lower jaw; in the bloodthirsty Stoats and Wea- 
sels, p I is absent in both jaws ; as it is likewise in the great Sea- 
otter {Enhi/dra), in which also the two middle incisors arc 
wanting in the lower jaw. In this animal the second premolar, 
p 3 , has a strong obtuse conical crown, double the size of that of 

2 ; the third premolar, p 4, is more than twice the size of p 3, 
and rej)resents the upper carnassial or sectorial strangely modified ; 
the two lobes of the blade being hemispheric tubercles. The last 
tooth, m 1, has a larger crown than the sectorial, and is of a 
similar broad crushing form.' 

In the family MelidcB is comprised the European {Meles), the 
Indian {Arctonyx\ and the American ( Taxidea) Padgers, which, 
with respect to their dentition, stand at the opposite extreme of 
the MustelidcB to that occupied by the predaceous Weasel, and 
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manifest the most tuberculate and omnivorous character of the 
teeth. The formula is — 


. 3.3 


3.3* 1.1 


1.1 3.3 1.1 .. 

^ ^ = 36 . 


2.2 


The canines are strongly develojjed, well point ed^ with a poste- 
rior trenchant edge ; they are more compressed in Arctonyx than 
in Meles, The first lower premolar is very small, single-fangcd, 
. and, generally, soon lost. The first above, corresponding witli 
the second in the Dog, is also small, and imiilantcd by two con- 
nate fangs. Tlie second upjier prcmolar, p 3, has a larger, but 
simple, sub- compressed conical crown, and is implanted by two 
fangs. The third repeats the form of the second on a larger scale, 
with a better developed posterior talon, and with the addition of 
a trituberculate low flat lobe, which is supported by a third fang ; 
the outer pointed and more produced part of this tooth represents 
the blade of the sectorial tooth and the entire crown of the 
antecedent premolars. The true molar in Meles is of enormous 
size compared with that of any of the preceding Carnivora ; it 
has three external tubercles, and an extensive horizontal surface 
traversed longitudinally by a low ridge, and bounded by an 
internal belt, or ^ cingulum.’ 

In other allied genera, which, like the badgers, have been 
grouped, on account of the plantigrade structure of their feet, 
with the bears, a progressive approximation is made to the type 
of the dentition of the Ursine species. The first true molar 
below soon loses all its sectorial modification, and acquires its 
true tubercular character ; and the last premolar above becomes 
more directly and completely opposed to its homotype in the 
Jower jaw. The Bacoon {Procyon)^ and the Coati {Nasua)^ 
present good examples of these transitional modifications; they 
have the complete number of premolar teeth, the dental formula 
being — 


' ^* 


hi 

i.V 


4.4 
^ 4 . 4 * 


2-2 ,,, 
m --- = 40. 


That of the Denturong (Arctictis) and Kinkajou {Cercoleptes) is- 


.3.3 1.1 

* 3.3* ^ iTi* ^ 


^’* 


2^ 

2.2 


= 36 . 


The lower canine of Nasiia has a deep longitudinal groove on the 
inner side of the crown. In Ailurus both upper and lower canines 
present two longitudinal grooves. In Cercoleptes a longitudinal 
ridge divides the two grooves on the canines. A fossil canine 
tooth from the eocene sand at Kyson presents a still greater 
number of grooves and ridges, whence the name Pricynodon. 

The essential characteristic of the dentition of the Bears, fig. 
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340, vol. ii. ( Ursus) is the development, in the lower jaw, of the 
true molar teeth to their typical number in the placental Mam-^ 
malidy and their general manifestation, in both jaws, of a tuber- 
culate grinding surface ; the premolar teeth are much reduced 
both in size and number. In the frugivorous Bears of India and 
the Indian Archipelago, the four prcmolars {p 1 - 4 ) are commonly 
retained longer than in the fiercer species of the northern lati- 
tudes. In these the second lower premolar is soon lost. Thc^ 
first true molar, m 1 , has a longer and narrower crown than the 
one above. The second true molar, m 2 , has a narrow, oblong, 
subquadrate, tubercular crown, which, like that of the first true 
molar, is supported by two fangs. The crown of the third lower 
molar, m 3 , is contracted posteriorly, and supported by two con- 
nate fangs ; it is relatively smallest in the Sun-bears, and largest 
in the great Ursus spelcsus. The dental formula of the genus 
Ursus is — 

* If ’ ® n’ ^ iii’ ”* H "■ 

It is essentially the same both in number and kind of teeth as in 
the genus Canis^ but the individual or specific varieties, which in 
the Dog affect the 263 

true molar teeth, 
are confined in the 
Bears to the premo- 
lars. It would seem 
in the genus Ursus 
as if the preponde- 
rating size of the 
large tubercular 
true molars had 
tended to blight 
the development of 
the premolars. 

In fig. 263 the 
deciduous teeth and 
their successors are 

given as displayed Deciduous dentition. Boar ct/ratM). 

by the removal of the outer wall of their sockets. The milk- 
molars, four in number on each side of both jaws, progres- 
sively increase from the first to the fourth. The character- 
istic relative position to them of the premolars is shown at 2 , 

3 , and 4. Behind these is shown the large formative cell of the 
first, 1 , of the true molar series. 
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A tendency to deviate from the ferine number of the incisors 
is seen in the most aquatic and piscivonnis of tlic Musteline 
quadrupeds, viz., the Sea-otter {Enhydni), m winch species the 
two middle incisors of the lower jaw arc not developed in t le 
permanent dentition. In the family of true Seals the incisive 
formula is furtlier reduced, in some species even to zero m the 
lower jaw, and it never exceeds All the PhocidcE possess 

poAverful canines 5 only in the aberrant Walrus, lig. 2 Gj, aie 
they absent in the lower jaiv, but this is coin])ensated by the 
singular excess of dcA'olopnient ivliich they inanitcst in the uppei 

jaiv. The molar series, llg. 
264, ?;?, usually includes five, 
rarely six, teeth on each side 
of the upper jaw, and live 
on each side of the lo^ver 
jaw ; Avith croAAuis Avhich vary 
little in size or form in the 
same individual. They arc 
supported in some genera, as 
the Larcd Seals ( Olarifr) 
and Elephant Seals ( Cystophora), by a single fang ; in other 
genera by tAvo fangs, Avhicli arc usually connate in the first 
or second teeth; the fang or fangs of both incisors, canines, 
and molars, arc ahvays remarkable for their thickiu'ss, Avhich 
commonly surpasses the longest diameter of the crown. The 
croAvns are most commonly comj/ressed, conical, more or less 
pointed, Avith the ‘cingulum’ and the anterior and posterior 
basal tubercles more or less developed ; in a fcAV of the largest 
species they arc simple and obtuse, and particularly so in 
the Walrus, in Avhich the molar teeth arc reduced to a smaller 
number than in the true Seals. In these the line of demarcation 
betAveen the true and fidse molars is very indefinitely indicated 
by characters of form or position ; but, accordiiig to the instances 
in which a deciduous dentition has been observed, the first three 
permanent molars in both jaAvs succeed and displace the same 
number of milk-molars, and are consequently, ‘ i)remolars ; ’ occa- 
sionally, in the seals Avith tAvo-rooted molars, the more simple 
character of the premolar teeth is manifested by their fangs beinn- 
connate, and in the Stenorhynclms serridens the more complex 
character of the true molars is manifested in the crown. TJicre 
is no special modification of the crown of any tooth by which it 
can merit the name of a ‘ sectorial ’ or ‘ camassial ; ’ but we may 
point with certainty to the third molar above and the fourth 
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below, as answering to those teeth which manifest the sectorial 
character in the terrestrial Carnivora. The coadaptation of the 
crowns of the ujrper and lower teeth is completely alternate, the 
lower tooth always passing into the interspace anterior to its 
fellow in the upper jaw. 

In the genus Phoca proper (^Calocephalus, Cuv.) typified by 
the common seal (/%. vitulina\ the dental formula is — • 


The Sterrincks with double-rooted molars {Pelagius^ Steno- 
rhynchus) have four incisors above as well as beloAv, i. e. f:f. 

In the Saw-tooth Sterrinck (^Stenorhynchus serridens)^ the 
three anterior molars on each side of both jaws are four-lobed, 
there being one anterior and two posterior accessory lobes ; the 
remaining posterior molars (true molars) are five-lobed, the 
principal cusp having one small lobe in front, and three de- 
veloped from its ijosterior margin ; the summits of the lobes are 
obtuse, and the posterior ones*are recurved like the principal 
lobe. 

The allied sub-genus (Omrnatophoca) of Seals of the southern 
hemisphere has six molar teeth on each side of the upper, and 
five on each side of the lower jaw, with the principal lobe of the 
crown more incurved. 

In the genus Otaria the dental formula is — 


l.l 4.4 
11 » P i 


The two middle incisors are small, sub-compressed, with the 
crown transversely notched; the simple crowns of the four 
incisors below fit into these notches ; the outer incisors above are 
much larger, with a long-pointed conical crown, like a small 
canine. The true canine is twice as large as the adjoining in- 
cisor, and is rather less recurved. The molars have each a single 
fang. In Stemmatopus the last upper molar has two divergent 
fangs, at least in the young state. 

In the great proboscidian and hooded Seals ( Cystophora)^ the 
incisors and canines still more predominate in size over the 
molars ; but the incisors are reduced in number, the formula here 



The molars are single-rooted, and the incisors laniariform. The 
two middle incisors above and the tAVO below are nearly equal ; 
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the outer incisors above are larger. The canines arc still more 
formidable, especially in the males ; the curved root is thick and 
subquadrate. The crowns of the molar teeth are short, sub-com- 
pressed, obtuse ; sometimes terminated by a knob and defined 
by a constriction or neck from the fang ; the last is the smallest. 

In the Walrus ( Trichechus rosmarus, fig. 265) the normal 
incisive formula is transitorily represented in the very young 

animal, which has three teeth 


in each premaxillary and two 

S on each side of the fore-part 

of the lower jaw; they soon 
disappear, except the outer 
pair above, which remain close 
to the maxillary suture, on 
the inner side of the sockets 
of the enormous canines, and 
c the series of small and simple 
^ fesemble in size and form. In 
5 usually three such molars on each 
ermanent incisor, and four similar 
e of the lower jaw; the anterior 
he interspace between the upper 
st molar. The crowns of these 
lost on a level with the gum in 
Skull auri Teeth of tlic reccnt Iicad ; they are very obtuse, and worn 
the Walrus, obliquely from above down to the inner border of 
their base. The molars of the lower jaw are rather narrower from 
side to side than those above, and are convex or worn upon their 
outer side. Each molar has a short, thick, simple and solid root. 

The upper canines are of enormous size, descending and pro- 
jecting from the mouth, like tusks, fig. 265, c, slightly inclined 
outward and bent backward ; they present an oval transverse 


section, with a shallow longitudinal groove along the inner side, 
and one or two narrower longitudinal impressions upon the outer 
side ; the base of the canine is widely open, its growth being 
uninterrupted. Their hornotype below retains the size and shape 
of the succeeding molars. 


The food of the Walrus consists of sea-weed and bivalves; the 
molars are well adapted to break and crush shells ; and frag- 
ments of a species of Mi/a have been found, with pounded sea- 
weed, in the stomach. The canine tusks serve as weapons of 
offence and defence, and to aid the animal in mounting and 
clambering over blocks of ice. 
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A large extinct carnivorous animal {Machairodus^ fig. 29*3, vi.), 
liad the upper canine teeth, c, developed to almost the same dis- 
])roportionate length as in the Walrus, whereby they were also 
compelled to pass outside the lower jaAV when the mouth was shut, 
Ibit these teeth were shaped after the type of the feline canines, 
only with more compressed and trenchant crowns ; and they Avcrc 
associated with other teeth in number and kind demonstrating 
the feline affinity of the genus Machairodiis, Its remains occur 
in newer tertiary deposits and in caves.* 

In older tertiary formations, remains of carnivorous Mammals 
have been found with the three true molar teeth as expressly 
modified for the division of flesh, and as worthy the term of 
^ sectorials ’as the teeth so called in the lion. These teeth 
were associated with conical premolars, long canines, and short 
incisors, so as to exemplify the typical formula, c.g. — 

.3.3 1.1 4.4 3.3 

* 3 . 3 ’" 1 . 1 ’^^ 474 ’ ”* 3.3 = ^^* 

The extinct Ilyatnodon and Ptei'odon of the upper eocene forma- 
tions of Hamjisliire and of France, manifest this interesting and 
instructive cJiaracter of dentition. 

A reduced view of the lower jaw of the Tlymiodon Pequieni is 
given in fig. 266. After the canines, c, come foui’ successively 
enlarging conical com- 



Deutitloii, lower juw, of JTymiodon. 
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jiressed premolars, j) 

1 —4 ; then, instead of 
a single carnassial re- 
])resenting the first 
tiaic molar, there are 
three of these singu- 
larly modified teeth — 
the first, m i, being of 
suddenly small size, 
as compared with the antecedent premolar, and obviously illustra- 
ting its true nature as a continuation of the deciduous series, with 
which, doubtless, it agreed in size. It became a permanent tooth 
only because there was no prcmolar developed beneath it, so as to 
displace it. The succeeding carnassial true molars, m 2 and 3, 
progressively increase in size. The symbols in fig. 266 denote the 
homologies of the teeth. The marks of abrasion on the lower 
teeth in the Hyctnodon prove the upper series to have been the 
same in number. 

A second form of equally ancient Carnivore was a mixed- 
' Kent’s Hole, Dcvonsliirc, e. g.; cxvi". p. 174. 
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feeding animal, allied to the viverrine and canine families, the 
true molars presenting the tuberculate modification, and the 
typical number and kinds of teeth being functionally developed, 
as in the Hymnodon, The series in the upper jaw are shown in 
fig. 267. The term ^ tubercular ’ is as applicable to the three 
true molars of the Amphicyon, m i, 2 , 3 , as the term ^ carnassial ’ 
is to those of the Hycpnodoti. 

2G7 



Dentition, upper jaw, Amphicyoii. 


§ 221. Teeth of Ungulata. — The most common characteristic of 
this dentition is the large size, cuboid shape, and complex structure 
of the crowns of the grinding teeth. The enamel not only incloses 
but dips or penetrates into the substance of the dentinal body, 
and the cement, which is thick, accompanies the enamel. Thus 
the massive grinding organ is made up of substances of different 
densities, and the working surface is irregular by the projections 
of the harder material, as in the mineral ^ grit ’ that is thereby 
suitable as a millstone. 

A. Homologies of the parts of the grinding surface. — The pattern 
of the grinding surface, especially of the upper molars, varies in 
each genus of Ungulata, and is eminently characteristic thereof. 
Nevertheless, two leading types may be recognised. One, of un- 
symmetrical character, was early shown in Palceotherium, and is 
traceable in secondary modifications characteristic of Paloplothe^ 
rium, Ilipparioriy Equus^ Hyrax, and Rhinoceros, A second was 
as early manifested in Anoplotherium and Dichodon ; it is more 
symmetrical in pattern, and is traceable, with modifications, in 
Dicotyles, Sus, Hippopotamus^ and Ruminants. Indications of a 
more generalised type of molar have been obtained from tertiary 
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deposits antecedent in time to those characterised by Palmo- 
or Anoplo-therium \ they are afforded by Pliolophus^^ and 
Coryphodon.^ The answerable parts of the grinding surface 
will first be illustrated in the unsymmetrical series. In 
PalcBotherium^ e. g. fig. 268, the tract of dentine, o, 6, extending 
along the outer side of the crown, has two indents, /*, f, whereby 
it is divided into two lobes, an anterior or ^ ant-external lobe,’ 
and a posterior or ^ post-external lobe,’ b. The, tract of dentine 
along the inner side of the crown is also divided by two deeper 
and more oblique clefts or valleys into an ^ ant-internal lobe,’ c, m, 
and a ^ post-internal lobe,’ d : these lobes extend obliquely inward 
and backward from the outer ones, of which they are direct con- 
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Fpper molar (m 2) : PaUvotheriim ma-gnvm. Upper molar m 2) : PaloploUifirium. 


tinuations. The anterior of the two inner clefts, e, i, extends 
from the middle of the inner surface of the crown obliquely out- 
ward and forward : the posterior one, y, h, enters at the posterior 
side of the crown, and extends nearly parallel with e, i : both 
valleys expand and deepen at their blind ends. At an early 
period of the attrition of the crown they intercommunicate, and 
extend to the anterior side of the crown, at /, as in the younger 
molar of Palop/otherium, fig. 269. But the shallow communica- 
ting passages between h and i, i and /, are soon obliterated, the 
dentine of lube d becoming continuous with b ; and that marked 
e with a. In Paloplotherinm a branch valley, also, extends 
from e /, to the anterior side of the crown, A, cutting off the 
part of the ant-internal lobe m from the rest of c ; but, by con- 
tinued abrasion, this valley is also obliterated, and the tooth 
assumes more of the paljeotherian pattern. In Equus, fig. 270, 
the valleys are of less equal depth than in Palceotherium, and are 


' cxv". p. 54. 


* cxvi". p. 299. 
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SO shallow midway that, at an early stage of attrition, the entry 
of the posterior valley, is separated from its termination, h ; 
and that of the internal valley, e, from its termination i ; the blind 
ends of both valleys, moreover, are more extended and irregular, 
than in PalcBotheriurriy with the tendency to curve, so as to produce 
the crescentic form of the islands, ?, A, in fig. 270. The oblitera- 
tion of the mkUpart of the accessory valley, A, unites the dentinal 
tract, m, to the rest of the lobe, c, as in Falceotherlum, fig. 268; 
hut it long remains separate in Hipparion, us in Palophtherium , 
% 269. 

The Rhinoceros and Ihjrax more closely adhere to the Palajo- 
tJicrium type; but the outer indents,/,/, are less marked. The 
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Upper molar (tn 2), Equua caballus. Upper molar {vi 2). Megaceros. 

horse approaches nearest to the symmetrical type of the Rumi- 
nants, in which the homologous parts of the crown can, mostly, 
be well defined. 

In the unworn crown of the Ruminant molar, fig. 271, tlie 
valley, //, A, extends across the crown more parallel with the 
long axis of the jaw, than in fig. 268, curving with the concavity 
outward:^! communicates with the valley, and, as in Paloplo- 
theriurn, this is continued to the foreside of the crown, as at /, 
fig. 269, severing the lobe c from a. In Ruminants, both the 
anterior and posterior entries to this antcro-posterior double- 
curved cleft are so shallow that they are soon obliterated, and the 
lobe h is continued by a tract of dentine, with d, along the hind 
part of the crown : as the lobe a is continued into lobe c at the 
fore part, as seen in the worn molar of the deer, fig. 271 : the 
middle of valley, e, is separated from the end i, as in the horse: 
but the course of this valley is more transverse, and more di- 
rectly bisects the antcro-posterior valley. A, z: thus the inner 
lobes 6* and d are more parallel with and similar to the outer 
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lobes b. Whether the accessory lobule be a homologue 
of the end, so marked, of lobe c in PalcBothcrium, Paloplotheriuniy 
and Equus^ or a special development at the entry of valley e may 
be doubtful. 

In the Hippopotamus, fig. 272, the valley commencing at the 
inner side of the crown at ey extends straight across the tooth to 
7iy bisecting the crown trans- 
versely: it is also bisected, 
antero-posteriorly, by a shal- 
lower valley, answering to 
A, iy fig. 271. At the stage 
of attrition shown in fig. 

272, the remnant of the 
latter valley is seen at h and 
i : the deeper transverse 
valley, <?, w, remains : the 
shorter indents,/,/, //, A, give 
the trefoil cliaracter to the 
two chief divisions of the crown characteristic of Hippopotamus. 

Another cxj)osition of the homologous parts of the cornjjlex 
erowns of the Ungulate molars assumes the crucial division into 
four quarters or lobes to be the ju’imitive modification. The fore- 
and-aft cleft has already begun to be filled by the mid-lobules in 
PUolophus : the arrest of the outer end of the transverse cleft 
produces the continuity of a Avith b ; that of its mid-part, of d 
Avith e : the obliteration of both ends of the antero-posterior cleft 
insulates that cleft, as in the Ruminant. The obliteration of the 
middle of the transverse cleft produces the continuation of a, by 
Avith dy c ; Avhilc the oblique continuation of e Avith 2, and the 
retention of the continuity of g Avith A, leads to the type of 
Palcaotherium and Rhinoceros. 

A sub-type of grinding surface is produced by the existence of 
a transverse without an antero-posterior valley, dividing the 
crown into a pair of transverse ridges ; as in the Tapir ; Avhich, 
however, is mainly the greater develoiuncnt, and more transverse 
disposition, of the tracts A, dy and a, c, in Palceotheriumy fig. 268. 
l"he ^ biloidiodont ’ sub-type becomes more marked in Dinotheriumy 
fig. 288, and in the anterior small molar of Mastodon : the suc- 
cessive multiplication of the transverse ridges completes the 
transition into the molar character of Elephas. 

B. Artiodactyla. The extinct ChcerojJotamuSy Anthracotherium, 
Ilifopotamus and UippoliijuSy had the typical dental formula, and 
this is preserved in the existing representative of the same section 



upper molar (w 2), IIi2^popotamua 
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of Tion-ruminant Artiodactyles, the Hog. The permanent dental 
formula of the genus S?ts is illustrated in fig. 273. 

The upper incisors decrease in size from the first, 7 * i, to the 
third, i 3, receding from each other in the same degree ; the first 
is relatively larger in the Sus larvalus than in the Sus scrofa ; the 

273 



basal line of the enamel is irregular ; that substance extends more 
than an inch upon the outer side of the tooth, but only two or 
tliree lines on the inner side. The lower incisors are long, sub- 
compressed, nearly straight ; the second is rather larger than the 
first ; the third is the smallest, as in the upper jaw. 

The upper canines, in the Wild Boar, fig. 273, c, curve forward, 
outward, and upward ; their sockets inclining in the same direc- 
tion, and being strengthened above by a ridge of bone, which is 
extraordinarily developed in the Masked Boar of Africa. The 
enamel covering the convex inferior side of this tusk is longi- 
tudinally ribbed, but is not limited to that part ; a narrow strip 
of the same hard substance is laid upon the anterior part, and 
another upon the posterior concave angle forming the point of 
the tusk, which is worn obliquely upwards from before, and 
backwards from that point. In the Sow the canines are much 
smaller than in the Boar. Castration arrests the development 
of the 'tusks in the male. 

The teeth of the molar series progressively increase in size 
from the first to the last. The first premolar, ih. p 1 , has a 
simple, compressed, conical crown, thickest behind, and has two 
fangs. The second, p 2 , has a broader crown with a hind-lobe. 
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having a depression on its inner surface, and each fang begins to 
be suMivided. The third, 3 , has a similar but broader crown 
implanted by four fangs. The fourth, p 4 , has two principal 
tubercles and some irregular vertical pits on the inner half of the 
crown. The first true molar, mi, when the permanent dentition 
is completed, exhibits the effects of its early development in a 
more marked degree than in most other mammals, and in the 
Wild Boar has its tubercles worn down, and a smooth field of 
dentine exposed by the time the last molar has come into place ; 
it originally bears four primary cones, with smaller subdivisions 
formed by the wrinkled enamel, and an anterior and posterior 
ridge. The four cones produced by the crucial impression, of 
which the transverse part is the deepest, are repeated on the 
second true molar m 2 , with more complex shallow divisions, and 
a larger tuberculate postei'ior ridge. The greater extent of the 
last molar, m 3 , is chiefly produced by the development of the 
back ridge into a cluster of tubercles ; the four primary cones 
beinjj distinguishable on the anterior 
main body of the tooth. The crowns 
of the lower molars are very similar 
to those above but are rather nar- 
rower, and the outer and inner basal 
tubercles are much smaller, or are 
wanting ; the grinding surface of the 
last is shown in fig. 274. 

The first or deciduous dentition of the Hog consists of — 
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The canines are feeble, and have their normal direction in both 
jaws, the upper ones descending according to the general type, 
which is not departed from until at a later period of life. The first 
deciduous molar is not succeeded by a premolar, but holds the 
place of such some time after the other deciduous molars are shed. 

The dentition of the Wart-hogs is reduced by the suppression 
of certain incisors and of the first two prcmolars— the tooth- 
forming energy being, as it were, transferred to the last true 
molar, fig. 275, m 3, which is even more remarkable than in the 
common hog for its size and complexity in both jaws : it is per- 
haps the most peculiar and complex tooth in the whole class of 
Mammalia. The surface of the crown presents three series of 
enamel-islands, in the direction of the long axis of the grinding 
surface ; the eight or nine islands of the middle row are elliptic 
and simple ; those of the other rows are equal in number, but are 
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sometimes subdivided into smaller islands. These islands or 
lobes are the abraded ends of long and slender columns of dentine, 
encased by thick enamel, and the whole blended into a coherent 
crown by abundant cement, which fills up all the interspaces, and 
forms a thick exterior investment of the entire complex tooth. 

The milk niolars are in number ; but only the t\vo last are 
succeeded by premolars. These are small, and, after the wearing 
out of the first true molar, are shed, leaving the remnant of the 
second true molar, fig. 275, rn 2 , with the last large one, m 3, to 
which the Avork of mastication is confined in old Wart-hogs. 
This interesting modification, as to order and number, in the 
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Dei)tltlun of Ilippopulainus. 

change of the dentition, has thi'own 
important light on the more ano- 
malous dentition of the Elephant.^ 
The tendency to excessive development which characterises the 
canine teeth in the SiiidcEy affects both these and the incisors in 
the genus IIij)jn)j)otamiis, The two median inferior incisive tusks, 
fig. 276, 2 , are cylindrical, of great size and length ; the two outer 
incisors are likewise cylindrical and straight, but much smaller. 
The upper canines curve downward and outward ; their exposed 
j)aitis very short, and is worn ol)licj[uely at the forepart; they arc 
three-sided, with a Avide and deep longitudinal groove behind. 
Ihe lower canines, ib. c, are massive, curved in the arc of a 
circle, subtriedral, the angle rounded off between the tAvo an- 
terior sides, which are convex and thickly enamelled, the jjosterior 
side of tlie crown being almost wholly occupied by the oblique 
abraded surface opj)oscd to that on the upper canine. The im- 
I)Ianted base of eacli of these incisive and canine teeth is simple, 
and excavated for a large persistent matrix, contributing to their 
perennial growth by constantly reproducing the dental matter to 
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replace the abraded extremities. The direction of the abraded 
surface is in part provided for by the partial disposition of the 
enamel. The molar series consists of — 


4.4 3.3 

PTa '. =28. 


4 . 4 ' 


3.3 


The first premolar is small, far in advance of the second, and is 
soon shed: the others (fig. 276 , 2 , 3 , 4) form a continuous series 
with the true molars 2, 3). These have the double trefoil 
character shown in fig. 272 . The crown of the last, in the lower 
jaw, is lengthened by a fifth cusp developed behind the normal 
pairs. The large tusks, fig. 276 , c*, exhibit the maximum of density 
in their component tissues. The enamel ^ strikes fire ’ with steel 
like flint. The conij^act dentine has a high commercial value, 
especially for the fabrication of artificial teeth. It differs from 
true ivory by showing, in transverse section, the simple concentric 
instead of the ^ engine-turned^ or curvilinear decussating lines. ^ 

The affinities of the Hippopotamus are clearly manifested by 
the character of its deciduous dentition ; and if this be compared 
with the dentition at a like immature period in other Ungulatay 
it will be seen, by its closer correspondence with that of Artio- 
(lactyles, and more especially the Phacochere, that the Hi])po- 
potamus is essentially a gigantic Hog. 

The formula of the teeth which are shed and replaced, is — 


. 2.2 
* 2.2' 


1.1 

lV 


3,3 
' 3.3 


= 24. 


If the small and simple tooth, which is developed anterior to the 
deciduous molars, and which has no successor, be regarded, from 
its early loss in the existing Hippopotamus, as the first of the 
deciduous scries, we must then reckon with Cuvier four milk- 
molars on each side of both jaws. 

The incisors in both jaws are simply conical and subcqual, with 
an entire caj) of enamel on the crown. The deciduous canines 
scarcely sur])ass them in size in the upper jaw, and not at all in 
the lower. Projecting forward, here, from the angles of the 
broad and straight symphysis, they appear like an additional pair 
of incisors ; and this character of equality of development Avas 
retained by the ancient form of Hippopotamus Avith the more 
typical number of incisors, f , Avhich formerly inhabited India. 

The first true deciduous molar, cl 2, has a conical croA\m and two 
fangs in both jaAvs. That above has also a cqnical croAAUi Avith 
one strong posterior and tAvo anterior ridges. The second 


^ Li V. is described (p. 569) and figured (pi. 142), tlic lower tusk of a IIii)popota- 
mus which, after fracture, had been united again by a mass of ‘ ostcodcntiiic.’ 
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deciduous molar, d 3, has a large trilobate crown, the first lobe small, 
with an anterior basal ridge ; the second large, conical, with three 
longitudinal indentations ; the third lobe still larger, and cleft into 
two half-cones by an antero-posterior fissure assuming the normal 
pattern of the true molars. The third deciduous molar, d 4 , above 
more closely resembles the ordinary upper true molar ; but its 
second pair of demi-cones are relatively larger. In the lower jaw 
the last deciduous molar, d 4 , has a more complex crown -than that of 
any other teeth of the permanent or deciduous dentition. It has 
three pairs of demi-cones, progressively increasing in size, from 
before backward, with an anterior and posterior basal ridge and 
tubercles. Like the last trilobate deciduous lower molar of the 
Hog, it increases in thickness posteriorly, instead of diminishing 
here, like the last true molar of the lower jaw of the adult Hippo- 
potamus. 

The upper incisors, and the first premolar of both jaws, are not 
developed in the typical Ruminants, rarely the upper canines : 
the dental formula being : — 

. 0.0 0.0 3.3 3.3 , ... 

* as’ ^ n* ^ 

The gazelle, the sheep, the ox— respectively representing the 
families Antilopidm^ Ovidm^ and BovideSy which are collectively 
designated the ^ hollow-horned ruminants ’ — all present this 
formula. It likewise characterises many of the solid-horned 

ruminants, or the deer tribe 
( CervidcB^, the exceptions hav- 
ing canine teeth in the upper 
jaw of the male sex, and 
sometimes also in the females, 
though they are always smaller 
in these. 

The upper canines attain 
their greatest length in the 
Muntjac (vol. ii. p. 478, fig. 
328, a a) and the small Musk- 
deer, and especially in the 
typical species {Moschus moschiferus, fig. 277.) These teeth, in- 
deed, in the male Musk, ib. c, present proportions intermediate be- 
tween those of the upper canines of the Machairodus and of the 
Morse. The inverse relationship in the development of teeth and 
horns, exemplified by the total absence of canines in the Rumi- 
nants with persistent frontal weapons, by their first appearance 

* The line traverses the Cuvierian ‘ dents ctiinassi^rcs * \ the interrupted line tra- 
verses the Blainvillian ‘dents principules’. 
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ill the periodically hornless deer, and by their larger size in the 
absolutely hornless Musks, is further illustrated by the presence 
not only of canines, but of a pair of laniariform incisors, fig. 278, i, 
in the upper jaw of the CamelidcB. 

In the Camel and Dromedary the upper canines, fig. 278, c*, 
are formidable for their size and shape, but do not project beyond 
the lips like the tusks of 
the Musk-deer ; they are 
more feeble in the Lla- 
mas and Vicugnas, and 
are always of smaller size 
in the females than in the 
males. The inferior ca- 
nines, o, moreover, retain 
their laniariform shape 
in the CamelidcBy and are 
more erect in position 

T -i-fc Deiititton of Camel cCawieius ftoc^nawtys). 

than in the ordinary itu- 

minants. They are separated by a short diastema from the inci- 
sors in the AuchenicB, 

The true nature of the corresponding canines in the ordinary 
Ruminants, in which they are procumbent, and form part of the 
same series with the incisors, is always indicated by the lateness 
of their development, and often by some peculiarity of form. Thus 
in the Mosclms, fig. 277, c, they are smaller and more pointed 
than the incisors ; in the Giraffe they have a much larger crown, 
which is bilobed. The laniariform tooth in the premaxillary 
bone of the CamelidcB, fig. 278, i, which represents the upper and 
outer incisor, z, is smaller#than the true canine, c, which is placed 
behind it in the Camel and Dromedary ; but in the Vicugna it is 
as large as, or larger tlian, the true canine. 

Most of the deciduous molars of the Ruminants resemble in 
form the true molars; the 
last milk-molar, for example, 
fig. 279, d 4, ill the lower 
jaw, has three lobes like the 
last lower true molar, m 3 . 

The deciduous molars in 
existing true Ruminants are 

,1 . , 1 • 1 DoclUuoua aud permanent teeth of a Sheep. 

three in number on each side, 

and, being succeeded by as many premolars, the ordinary perma- 
nent molar formula is — 

3.3 3.3 

^3.3: '"3.3' 
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but there is a rudiment of i in the embryo Fallow-deer, and in 
one of the most ancient of the extinct Ruminants {Dorcatherium^ 
Kaup) the normal number of premolars was fully developed. 

The characteristic complexity of the Ruminant grinder, fig. 
271, is seen, in the permanent series, only in the three posterior 
teeth of both upper and lower jaws, Avhich are the true molars ; 
the three first, or premolars, having more simple croAvns than 
those which they dis])lace. The coinj^lexity in question is the 
result of peculiar plications of the formative capsule, some ol* 
which are longitudinal, or project inward from tlic sides of the 
capsule, and form peninsular folds of enamel upon the grinding 
surface of the tooth, whilst others depend vertically from the 
summit of the matrix into the body of the tooth, and form islands 
of enamel when the crown begins to be worn. Of the longi- 
tudinal folds, two in the upper true molars are external, broad, 
but shallow, and often sinuous, and one is internal, narrow, and 
deep, extending quite across the summit of the crown of the 
tooth, and decreasing in depth toward the base of the cron n. 
The corresponding fold of enamel in the comj)Ictcd tooth, ac- 
cordingly, extends more or less across the crown, from within 
outward, as the tooth is less or more worn. The whole circum- 
ference of this complex molar is also invested by a coat of enamel 
and a thinner layer of cement. In some Ruminants, e.g. Ox, 
Deer, and Giraffe, a small vertical column, fig. 271, m, is de- 
veloped at the internal interspace of the two lobes of one or more 
of the upper true molars, varying in height, and rarely reaching 
the summit of the neAv-fonned croAAUi, but longest in the Bovidee, 
Different genera of Ruminants also differ in the depth and sinu- 
osity of the tAvo outer longitudinal fold^ f, and in the depth and 
complexity of the tAvo vertical folds, 4, z, which likcAvisc are united in 
some species by a longer common base than in others, producing 
thereby a continuity of the enamel, and complete antero-posterior 
bisection of the grinding surface during a longer period of attri- 
tion. The molars of the Camel present the most simple con- 
dition of the Ruminant type of these teeth ; the transverse fold 
dividing the croAvn being short, the dentine of the tAvo lobes soon 
forms a continuous tract. The common base of the crescentic 
vertical folds of the capsule being likewise short, the enamel 
islands are soon separated from each other. They include a 
shalloAV or narroAv crescentic cavity, with a simple but slightly 
sinuous contour. The two outer shallow longitudinal depressions 
of the crown have no middle rising ; and there is no columnar 
process at the interspace of the tAvo inner convexities. 
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The lower molars are like the upper ones reversed. Tlie single 
median longitudinal fold is external, and divides the convex outer 
sides of the two lobes. The base of the fold extends, in some 
species, across the molar for some distance before it contracts in 
breadth, retreating toward the outer side, and the two lobes of* 
the crown accordingly continue to be completely divided for a 
longer period, as in the Elk and Giraffe. The inner surface of 
the molar is gently sinuous, the concavities being rarely so deep 
as those of the outer surface of the upper molars. The lower 
molars are always thinner, in proportion to their breadth, than 
those above, and the crescentic islands are narrower and less 
l)owcd. The differences which the lower molars present in dif- 
ferent genera of Ruminants arc analogous to those in tlie upper 
molars, but arc less marked. The accessory small column, when 
present, as in Bos, Urus, Mcgaceros, and Alces, is situated at 
the outer interspace of the convex lobes, and nearer the base in 
the CervidcG than in the BovuIcb. It is not developed in the 
Antelopes, Sheep, or Camel, and is wanting in most of the 
smaller S 2 }ccies of Deer. The last true molar of the lower jaw is 
characterised in all Ruminants by the addition of a third pos- 
terior lobe. This is very small and simple in the Camel and the 
Gnu, is relatively larger in the Bovidee and Cervidm, and pre- 
sents, in the Megneeros and Sivatherium, a deeper central enamel 
island or fold, which also characterises the smaller third lobe in 
the Giraffe. The lower molars of the genus Auchenia are pecu- 
liarly distinguished by the vertical ridge at the forepart of the 
anterior lobe, which does not exist in the Camels of the Old 
World. 

In all Ruminants, the outer contour of the entire molar series 
is slightly zigzag, the anterior and outer angle of one tooth pro- 
jecting beyond the posterior and outer angle of the next in 
advance. All the three lower prcmolars have compressed, sub- 
trenchant, and pointed crowns in the small Musk-deer ( Tragulus). 
The true Musk (^Moschus) more resembles the ordinary Deer 
in its prcmolars. The aberrant CamelidcB deviate most from 
ruminant type in the position, shape, and number of the prc- 
molars: the anterior one, fig. 278, s, is laniariforrn in both jaws. 

As phenomena of dentition serve to determine, or indicate, the 
age of Hoofed beasts, a table is subjoined in which the charac- 
teristic teeth are indicated by the symbols ado 2 )ted in my ^ Odon- 
tograidiy ’ (v), and illustrated in figs. 279 and 294, with reference 
to those domesticated varieties raised for food, which arc usually 
Exhibited, in competition, of prescribed ages, at the great cattle 
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C. Perissodactyla. — The Horse is selected as the first example of 
the dentition of the hoofed Quadrupeds with toes in uneven number, 
because it offers in this part of its organisation some transitional 
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features between those of the dental characters of the typical 
members of the artiodactyle and of those of the perissodactyle 
UnguJata, 

All the kinds of teeth are retained, in nearly normal numbers, 
in both jaws, and with almost as little unequal or excessive de- 
velopment as in the Anoplothere ; but the prolongation of the 
slender jaws carries the canines, figs. 280 , c, and incisors, ib. i, to 


TEETH OF UNGULATA. 


353 


sf)me distance from the molars, and creates a long diastema, as in 
the Kuminants and Tapirs. The first deciduous molar is very 
minute and is not succeeded by a premolar; yet, remaining longer 
in place than the larger deciduous molars behind, it represents 
the first premolar, and completes the typical number of that 
division of the grinding series. If the dental formula of the 
genus Equus be restricted to the functionally developed perma- 
nent teeth, it will be — 


1 . 1 ’^ 3 . 3 ’ ^ 3 . 3 * 


The outer side of the upper molar of the Horse {Equus Ca-^ 
hollas^ fig. 269) is impressed, as in the Palacothere, fig. 267, by 
two wide longitudinal channels : the other evidences of the peris- 
sodactyle type of grinding surface, and the modifications thereof, 
are given at p. 341. In the lower jaw, the teeth, as usual, are 
narrower ti*ansversely than in the upper jaw ; they arc divided 
externally into two convex lobes by a median longitudinal fissure, 
and on the inner side they present three principal unequal con- 
vex ridges, and an anterior and posterior narrower ridge ; but 
the crown of the molar is penetrated from the inner side by 
deeper and more complex folds than in the 
lihinoceros or Palasothere. 

The incisors, figs. 280, 285, ?, are arranged 
close together in the arc of a circle at the ex- 
tremity of both jaws. They are slightly curved, 
longitudinally grooved, with long simple subtri- 
hedral fangs tapering to their extremity, fig. 

280. The crowns are broad, thick, and short. 

The contour of the biting surface, before it is 
much worn, approaches an ellipse. These teeth, 
if found detached, recent or fossil, are distin- 
guishable from those of the Ruminants by 
their greater curvature, and from those of all 
other animals by the fold of enamel (ib. c'), 
which penetrates the body of the crown from 
its broad flat summit, like the inverted finger 
of a glove. When the tooth begins to be worn, 
the fold forms an island of enamel inclosing Horse 

a cavity, .v, partly filled by cement and partly by the discoloured 
substances of the food ; this is called by horse-dealers the ^ mark.’ 
In aged horses the incisors are worn down below the extent of 
the fold, and the mark disappears. The cavity is usually obli- 
terated in the first or inid-incisors at the sixth year, in the second 
VOL. HI. A A 
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incisors at the seventh year, and in the third or outer incisors at 
the eighth year, in the lower jaw. It remains longer in those of the 
upper jaw, and in both the place of the ^ mark ’ continues for some 
years to be indicated by the dark-coloured cement or osteo-dentine. 

The canines are small in the stallion, less in the gelding, and 
rudimental in the mare. The unworn crown is remarkable for 
the folding in of the anterior arid posterior margins of enamel, 
which here includes an extremely thin layer of' dentine. The 
upper canine is situated in the middle of the long interspace be- 
tween the incisors and molars : the lower canine, fig. 280, c, is 
close to the outer incisor, as in the Ruminants, but is better dis- 
tinguished by its cuspidate form. 

The most obvious character by which the horse’s molars may 
be distinguished from the complex teeth of other Ilerbivora cor- 
responding with them in size, is the great length of the tooth 
before it divides into fangs. This division, indeed, docs not 
begin to take place until much of the crown has been worn away; 
and thus, except in old horses, a considerable portion of the whole 
of the molar is implanted in the socket by an undivided base. 
This is slightly curved in the upper molars. It pi’ovides for mas- 
tication during a longer life than in the cow. 

The following is the average course of development and suc- 
cession of the teeth in the Equiis Caballus : — The summits of 
the first functional deciduous molar * (‘ first grinder ’ of veterinary 
authors) are usually apparent at birth ; the succeeding grinder*^ 
sometimes rises a day or two later, sometimes together with the 

first. Their appearance is speedily 
followed by that of the first decidu- 
ous incisor, fig. 282, d\ centre 
nipper ’ of veterinarians), which usu- 
ally cuts the gum between the third 
and sixth days ; but occasionally pro- 
trudes at birth. The second deciduous 
incisor, ib. d 2, appears between the 
twentieth and fortieth days, and about 
this time the rudimental molar, ^ 
comes into place, and the last de- 
ciduous molar ^ begins to cut the gum. 
About the sixth month the inferior 
lateral or third incisors, ib. d 3 , with 
the deciduous canine make their appearance. The lower minute 
canine is shed about the time that the contiguous incisor is in 

^ The homologue of d fig, 2 . 287. Ib. d 3. * Ib. 1. ^ Ih. d 4. 
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place. The upper deciduous canine is shed in the course of the 
second year. The rise to working level of the third deciduous in- 
cisors or ^ corner nippers ’ completes the stage of dentition called the 
‘ colt’s mouth ’ by veterinary authors, fig. 282. The deciduous inci- 
sors are not only smaller than the permanent ones, but are whiter, 
have a better marked ‘ neck,’ the fang more slender and pointed, and 
are devoid of the median longitudinal groove. The first permanent 


283 284 



Inrisivo (leiitiMon of 3 -.vear old Colt. IruM.vlve dentition of 4-year old Colt. 

Lower jaw. Lower jaw. 


molar, m i, appears between the eleventh and fourteenth months. 
The ‘ second ’ molar, m 2 , follows at the twentieth month or the 
second year. The first functional preinolar,^; 2 , displaces the deci- 
duous molar, d 2, at from two years to two years and a half old.* 
The first pennanent incisor, fig. 283, i i, displaces d 3, and pro- 
trudes from the gum at between two years and a half and three 
years. At the same period the second or penultimate premolar, p 3, 
pushes out the penultimate milk-molar, and the penultimate true 
molar, m 2, comes into place. The last premolar,/? 4, displaces the 
last deciduous molar at between three years and a half and four 
years; the appearance above the gum of the last true molar, m 3, is 
usually somewhat earlier. The second incisor, fig. 284, i 2, j^ushes 
out its deciduous predecessor at about three years and eight months. 
The permanent canine or ‘ tusk,’ e, next follows ; its appearance 
indicates the age of four years and a half; but it sometimes comes 
earlier. The third, or outer incisor, fig. 285, i 3, pushes out the de- 
ciduous incisor, d 3, about the fifth year, but is seldom in full place 
before the horse is five years and a half old ; the last premolar is 
then usually on a level with the other grinders. Upon the rising 

* The homologous teeth in the young Hyrax, fig. 287, are indicated by the same 
symbols, and the sole developmental difference from the Horse is the displacement of 

1 by a p 1 of functional size. 
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of the third permanent incisor, or ^ corner nip])er/ tlie ^ colt ’ be- 
comes a ^ horse,’ and the ^ fill j ’ a ^ marc,’ in the language of the 
horse-dealers; after the disappearance of the ^ mark ’in the in- 
cisors, at the eighth or ninth year, the horse becomes ^ aged.’ 


285 



Tucisive Ueiitiflon. .Wear old llor.-o. 
Lower jaw. 


.1.1 0.0 
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The modifications Avhich the 
upper molars of Hijrax^ fis- 
286, present, as compared ivitli 
those of Paleotherium, Avill be 
readily understood by the re- 
marks in the section on the 
homologies of the grinding sur- 
face, as illustrated by figs. 268- 
270. The present genus is a mi- 
niature form of the family, and, 
like the primitive eo- and mio- 
cene hornless rhinoceros ( Accra- 
therium), retains large incisors, 
with a tyjie molar series, c.g. 


There arc no canines. As to the incisors in lit/ rax or Rhinoceros 
the species vary, not only in regard to their form and proportions, 
286 but also their exist cnce ; 

and in the varieties of 
these teeth we may dis- 
cern the same inverse 
relation to the develop- 
ment of the horns which 
is manifested by the ca- 
nines of the Ruminants. 



Dcntitmn, uitiicr jaw {Jlyrar). 


Thus, the two-horned 


Rhinoceroses of Africa, which are remarkable for the great length 
of one {Rh, bicornls, Rh, simus) or both {Rh, Keitloa) of the 
nasal weapons, have no incisors in their adult dentition; neither 
had that great extinct two-horned species (RA. tlckorinus)^ the 
prodigious development of whose horns is indicated by the singu- 
lar modifications of the vomerine, nasal, and premaxillary bones, 
in relation to the firm supjiort of those weapons. The Sumatran 
bicorn Rhinoceros combines, with comparatively small horns, 
moderately dcA^eloped incisors in both jaAvs. The incisors are of 
larger size in the unicorn Rhinoceroses {Rh, Indicus and Rh, Son- 
daictis)] still larger, relatively, in the hornless Acerotherium and 


Hyrax, figs. 286; 287, i. 
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The deciduous mol#s of the Rhinoceros are, in number as well 
as in shape, similar to those in Hyrax, which bears the same re- 
lation to the great Rhinoceros as the small existing Sloth docs to 
the extinct Mcgatlieriuni. The change of dentition of the lihi- 
HocerotidiB is, therefore, here 
illustrated by the young 

Hyrax capeiisis, fig. 287 . ^ ^ ^ ^ 

2 , 3 , 4 , arc exposed above 

the four deciduous molars, , 1 

d 1, 2, 3, 4, which they push ^ ^ 

out; the first true molar, 

in I, is in place ; the second, " ' ci 

, I Deciduous and permanent teeth, //i/raa;. Nat. size. 

m 2, and third, m 3, molars 

are in dilferent states of forwardness. The first premolar differs 
from the rest only by a graduated inferiority of size, which, in 
the last premolar, p 4, ceases to be a distinction between it and 
the true molars. 

The dental formula of the Tapir is — 




42 (vol. ii. p. 449, fig. 300, immature). 


The median incisors above have a broad trenchant crown, 
sej^arated by a transverse channel from a large basal ridge ; the 
wedge-shaped crowns of the opposite pair below fit into the 
channel, and have no basal ridge ; the outer incisors above are 
very large and like canines ; those below arc unusually small. 
The canines, /, have crowns much shorter than their roots, and 
not projecting, like tusks, beyond the lips; they are pointed, with 
an outer convex, separated by sharp edges from an inner, less 
convex, surface. The lower canines form part of the same semi- 
circular series ivith the incisors. The first three preinolars above 
have the outer part of the crown composed of two half-cones, the 
posterior one having a basal ridge ; the anterior basal ridge rises 
into a small cusp in the second premolar, which increases in size 
in the third and fourth ; in this tooth the transverse depression 
divides at the base of the anterior and outer demicone, and the 
posterior division is continued into the interspace of the two 
demicones ; these, therefore, now become in m i and m 2 the outer 
ends of the two transverse wedge-shaped eminences, giving their 
summits a curve Avhose concavity is turned backward ; the last 
molar, m .3, may be known by the shorter and more curved pos- 
terior eminence. In the dentition of the lower jaw the double 
transverse ridged structure prevails throughout the molar scries. 
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the anterior talon being most produced ^d compressed in tlie 
first tooth, p 2 . 

Certain huge fossil bilophodont grinders, wliich seemed to indicate 
a gigantic Tapir, are now known, by the discovery of the cranium, 
and the enormous tusks of the lower jaw, fig. 288, to belong to 
a genus connecting the tapiroid with the proboscidian families. 

The permanent dentition of the genus Dinotheriurn is — 


0.0 2 ^ 

* l.V ^ 0 . 6 * ^^ 272 ’ 


The two deciduous molars in situ on each side of the fragment ol 
the upper jaw of the young Dinotheriurn^ which Professor Kaup' 
has figured, answer to the third and fourth of the typical series. 
The crown of the anterior milk-molar supports two transverse 








7^ i 


¥ iy-'w 


( Deutitiun of Uinotherium iRanp). 

ridges with an anterior and posterior basal ridge; its contour is 
almost square ; the last milk-molar has a greater antero-poste' 
rior extent, and supports three transverse eminences with an 
anterior and posterior basal ridge, the anterior ridge being 
developed into a pointed tubercle at its outer end. The two 
premolars, fig. 288, p 3 and 4, conform to the general rule in 
being more simple than the teeth which they displace and suc- 
ceed. The transverse diameter of the second premolar exceeds the 
antcro-posterior one, the proportions being the reverse of those of 
the deciduous molar, which it displaces. The first true molar, m 
1, repeats the structure of the hindmost deciduous molar, its crown 


* CLxix", p. 401 } and cxiii". Tab. i. 
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having a disproportionate antero-posterior extent, and supporting 
three transverse eminences, with an anterior, posterior, and inter- 
nal basal ridge. The Dinothere resumes the tapiroid character, 
and differs from the Mastodon, inasmuch as the posterior molars, 
9n 2 and 3, instead of having an increased antero-posterior extent 
and more complex crowns, increase only in thickness, and support 
two instead of three transverse eminences ; they have also an an- 
terior and a posterior basal ridge. In the lower jaw the first 
premolar, p 3, is implanted, like that above, by two fangs ; but it 
has a smaller and simpler crown, which is narrower in proportion to 
its antero-posterior extent, and is almost entirely occupied by the 
antero-posterior ridge, only the posterior of the two inner tuber- 
cles being developed ; thus the crown presents more of a trenchant 
than of a grinding character ; the second premolar, p 4, supports 
two transverse ridges. The third of the permanent series, Avhich 
is the first true molar, m i, has three transverse ridges, like the 
one above, but is relatively narrower; the second, m 2 , and third, 
m 3, true molars have each large square crowns, with two trans- 
verse ridges, and an anterior and posterior talon, the latter being 
more developed than in the corresponding molars of the upper 
jjiw. 

The generic peculiarity of the Dinotherium is most strongly 
manifested in its tusks. These, fig. 288, /, are two in number, 
implanted in the prolonged and deflected symphysis of the lower 
jaw, in close contiguity with each other, and having their exserted 
crown directed downward and bent backward, gradually de- 
creasing to the pointed extremity. In jaws with molar teeth of 
equal size, the symphysis and its tusks offer two sizes ; the larger 
ones, which have been found four feet in length, with tusks of 
two feet, may be attributed, to the male Dinothere ; the smaller 
specimens, with tusks of half size, to the female. The ivory of 
these tusks presents the fine concentric structure of those of the 
Hippopotamus, not the decussating curvilinear character which 
characterises the ivory of the Elephant and Mastodon. No cor- 
responding tusks, nor the germs of such, h^e yet been discovered 
in the upper jaw of the Dinotherium. 

D. Proboscidia . — The dentition of the genus Elephas, the sole 
existing modification of the once numerous and varied Probosci- 
dian family, includes two long tusks, fig. 289, one, t, in each of the 
premaxillary bones, and large and complex molars, ib., 4 , m i, 
m 2 , in both jaws : of the latter there is never more than one 
wholly, or two partially, in place and use on each side at any 
given time, the series being continually in progress of formation 
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and destruction, of shedding and replacement : and all the grinders 
succeed one another, like true molars, horizontally, from behind 
forwards. 

The total number of teeth developed in the elephant appears 
to be ; the two large permanent tusks being 

preceded by two small deciduous ones, and the number of molar 

teeth which follow one another 

on each side of both jaws being 289 


not less than six, of which the 
last three answer to the true 
molars of other mammals. 

The deciduous tusk appears 
beyond the gum between the 
fifth and seventh month; it 
rarely exceeds two inches in 
length, and is shed between 
the first and second year. 

The permanent tusks cut 
the gum when about an inch 
in length, a month or two 
usually after the milk-tusks 
are shed. Their widely open 
base is fixed upon a conical 
pulp, which, with the capsule 
surrounding the base of the 
tusk and the socket, conti- 
nues to increase in size and 
depth, obliterating all vestiges 
of that of the deciduous tusk, 
and finally extending its base 





Section of •cranium and tiisk of Elephant. 


close to the nasal aperture, fig. 
289, n. The tusk, being subject to 
no attrition from an opposed tooth, but being worn only by the oc- 
casional uses to which it is applied, arrives at an extraordinary 
length, following the curve originally impressed upon it by the 
form of the socket, and gradually widening from the projecting 
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apex to that part which was formed when the matrix and the 
socket had reached their full size. 

These incisive teeth of the elephant not only surpass other 
teeth in size, as belonging to a quadruped so enormous, but they 
are the largest of all teeth in proportion to tlfi size of the body ; 
representing in a natural state those monstrous incisors of the 
rodents, which are tlie result of accidental suppression of the 
wearing force of the opposite teeth, fig. 239. 

The tusks of the elephant, like those of the mastodon, consist 
chiefly of that modification of dentine wliich is called ^ ivory,’ 
and which shows, on transverse fractures or sections, stria? pro- 
ceeding in the arc of a circle from the centre to the circumference 
in opposite directions, and forming by their decussations curvili- 
near lozenges. This character is peculiar to the tusks of the 
Proboscidian Pacliyderms. 

In tlie Indian Elephant the tusks arc always short and straight 
in the female, and less deeply implanted than in the male : she 
thus retaining, as usual, more of the characters of the immature 
state. In the male they have been known to acquire a length of 
nine feet, with a basal diameter of eight inches, and to weigh one 
hundred and fifty pounds : but these 
dimensions are rare in the Asiatic 
species. 

The elephant of Africa, at least 
in certain localities, has large tusks ^ 
in both sexes ; and the ivory is most j' 
esteemed by the manufacturer for I 
its density and whiteness. 

The molar teeth of the elephant are 
remarkable for their great size, and 
extreme complexity of their struc- 
ture, fig. 290. The crown, of which 
a great proportion is buried in the 
socket, and very little more than the 
grinding surface appears above the 
gum, is deeply divided into a number 
of transverse perpendicular plates, 
consisting each of a body of den- 
tine, dy coated by a layer of enamel 
ib., c, and this again by the cement, ib.,c, which fills the interspaces 
of the enamelled plates, and here more esi)ecially merits its name, 
since it binds together the several divisions of the crown before 
they are fully formed and united by the confluence of their bases 
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into a common body of dentine. As the growth of each plate 
begins at the summit, they remain detached and like so many 
separate teeth or denticules, until their base is completed, when it 
becomes blended with the bases of contiguous plates to form the 
common body of tile crown of the complex tooth from which the 
roots are next developed. 

The plates of the molar teeth of the Siberian Mammoth (Elepftas 
primigenius) are thinner in proportion 
to their breadth, and more numerous 
in proportion to the size of the crown 
than in the existing species of Asiatic 
Elephant. In the African Elephant, 
fig. 291, the lamellar divisions of the 
crown are fewer and thicker, and they 
expand more uniformly from the mar- 
gins to the centre, yielding a lozenge- 
form when cut or worn transversely, as 
in mastication. From this modification 
the gradation is close in the many extinct species to the three- 
ridged Mastodons and two-ridged Dinotheres. 

The first molars of the Asiatic Elephant include four plates, are 
in place and use at three months, and are shed when the elephant 
is about two years old. 

The eight or nine plates of the second molar are formed in the 
closed alveolus, behind the first molar by the time this cuts the 
gum, and they are united with the body of tlie tooth, and most 
of them are in use, when the first molar is shed. 

The third molar has the crown divided into from eleven to 
thirteen plates ; it averages four inches in length, and two inches 
in breadth, and has a small anterior, and a very large posterior 
root ; it begins to appear above the gum about the end of the 
second year, is in its most complete state and extensive use 
during the fifth year, and is worn out and shed in the ninth year. 
Its remains about this period are shown in fig. 289, d 4 . The 
three preceding teeth answer to the deciduous molars, d 2 , d 3 , 
and d4, in the Hyrax, fig. 287, and Hog, fig. 294. 

The fourth molar, figs. 289 and 292, m i, presents a marked 
superiority of size over the third, and a somewhat different form : 
the anterior angle is more obliquely abraded, giving a pentagonal 
figure to the tooth in the upper jaw. The number of plates in 
the crown of this tooth is fifteen or sixteen : its length between 
seven and eight inches; its breadth three inches. The fore- 
part of the grinding surface of this tooth begins to protrude 
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Molars, lower jaw, Indian Elephant. 
15 years. 


through the gum at the sixth year : it is in full use and place at 
the fifteenth year (fig. 289, 77< i) : the tooth is worn away, and its 
last remnant shed, about the twentieth or twenty-fifth year. It is 
the homologue of the first true molar of Uyrax, fig. 287, m i. 

The fifth molar, ib., m 2, with a crown of from seventeen to 
twenty plates, measures between nine and ten inches in length, 
and about three inches and a half in breadtli. It begins to appear 
above the gum about the twen- 
tieth year: its duration has not 
been ascertained by observation. 

The sixth molar is the last, and 
has from twenty-two to twenty- 
seven plates; its length, or an- 
tero-posterior extent, following 
the curvature, is from twelve to 
fifteen inches : the breadth of the 
grinding surface rarely exceeds three inches and a half.‘ 

The molar teeth succeed each other from behind forward, 
moving in the arc of a circle, shown by the curved line in fig. 
289. The position of the growing tooth in the closed alveolus, 
rn 2 , is almost at right angles with that in use, the grinding 
surface being at first directed backward in the upper jaw, forward 
in the lower jaw, and brought, by the revolving course, into a 
horizontal line in both jaws, so that they oppose each other, 
when developed for use. The imaginary pivot on which the 
grinders revolve is next their root in the upper jaw, and is next 
the grinding surface in the lower jaw ; in both, towards the 
frontal surface of the skull. Viewing both upper and lower 
molars as one comjdex whole, subject to the same revolving move- 
ment, the section dividing such whole into upper and lower por- 
tion runs parallel to the curve described by that movement, the 
upper being the central portion, or that nearest the pivot, the 
lower, the perij^heral portion : the grinding surface of the upper 
molars is consequently convex from behind forward, and that of 
the lower molars concave ; the upper molars are always broader 
than the lower ones. 

The bony plate forming the sockets of the growing teeth is 
more than usually distinct from the body of the maxillary, and 


* In my * Odontography * I was led to conjecture that * this molar, if it makes its 
appearance about the fiftieth year, would, from its superior depth and length, continue 
to do the work of mastication until the ponderous Pachyderm had passed the cen- 
tury of its existence : * but I would now merely suggest, to all who may have the 
opportunity, the desirability of making and recording observations supplementary to 
those in the text made on captive Asiatic elephants in European menageries. 
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participates in tliis revolving course^ advancing forward with the 
teeth. The partition between the tooth in use and its successor 
is perforated near the middle ; and, in its progress forward, that 
j)art next the grinding surface is first absorbed ; the rest disap- 
pearing with the absorption of the roots of the preceding grinder. 

There arc few examples of organs that manifest a more striking 
adaptation of a complex structure to the exigencies of the animal 
endowed with it, tlian the grinding teeth of the elephant. We 
perceive, for example, that the jaw is not encumbered with the 
whole weight of the massive tooth at once, but that it is formed 
by degrees as it is required ; the division of the crown into a 
number of successive plates, and the subdivision of these into 
cylindrical processes, presenting the conditions most favourable 
to progressive formation. The fore and most abraded part of the 
tooth is fitted for tlie first coarse crushing of the branches of a 
tree : the transverse enamel ridges of the succeeding part of the 
tooth divide it into smaller fragments, and the posterior islands 
and tubercles of enamel pound it to the pulp fit for deglutition. 
The structure and progressive development of the tooth not only 
give to the elephant’s grinder the advantage of the uneven sur- 
face which ada 2 )ts the millstone for its office, but, at the same 
time, secure the constant presence of the most efficient arrange- 
ment for the finer comminution of the food, at the part of the 
mouth which is nearest the fauces. 

The central part of the tusk especially near the base of such 
as have reached their full size, is occupied by a slender cylindrical 
tract of modified ivory, perforated by a few vascular canals, which 
is continued to the apex of the tusk. It is not uncommon to find 
processes of osteo-dentine or imperfect bone-like ivory, projecting 
in a stalactitic form into the interior of the pulp-cavity, apparently 
the consequence of the partial inflammation of the vascular pulp. 

The musket-balls and other foreign bodies which are occasion- 
ally fv)und in ivory, are immediately surrounded by osteo-dentine 
in greater or less quantity. It has often been a matter of wonder 
how such bodies should become completely imbedded in the sub- 
stance of the tusk, sometimes without any visible aperture, or how 
leaden bullets may have become lodged in the solid centre of a 
very large tusk without having been flattened. The explanation 
is as follows : — A musket-ball, aimed at the head of an elephant, 
may penetrate, at a, fig. 289, the thin bony socket and the thinner 
ivory parietes of the wide conical pulp-cavity occupying the in- 
serted base of the tusk ; if the projectile force be there spent, 
the ball will gravitate to the opposite and lower side of the pulp- 
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cavity, as indicated in fig. 289, b. The liole a is soon healed and 
filled np by ossification of the periosteum of the socket, and of 
the pulj) next the thin wall of ivory whicli has been perforated. 
The ball sinks below the level of this cicatrix, and the presence of 
the foreign body exciting inflammation of the pulp, an irregular 
course of calcification ensues, which results in the deposition 
around the ball of a certain thickness of osteo-dentine. The pulp 
then resuming its healthy function, coats the surface of the osteo- 
dentine inclosing the ball, together with the rest of the conical 
cavity into which that mass projects, with layers of normal ivory. 

By the continued progress of growth, the ball so inclosed is 
carried forward, in the course indicated by the arrow in fig. 289, 
to tlie middle of the solidified exserted part of the tusk, c. Should 
the ball have penetrated the base of the tusk of a young elephant, 
it may be carried on, by the unintcrru})tcd growth and Avear of 
the tusk, until that base has become the apex, and be finally ex- 
posed and discliargcd by the continual abrasion to which the apex 
of the tusk is subjected. 

Yet none of these phenomena pro\^e the absolute non vascularity 
of tlie tusk, but only the Ioav degree of its vascularity. Blood 
circulates, slowly no doubt, through the prolongations of the pulp 
into the minute Avascular canals Avhich arc continued through the 

o 

centre of the ivory to the very apex of the tusk : and it is from 
this source that the fine tubular structure of the ivory obtains the 
correspondingly minute villi carrying the plasmatic colourless 
fluid by Avhich its low vitality is maintained.^ 

The modification of dentine called ^ ivory,’ is characterised 
partly by the minute size of the tubes, Avhich, at their origin from 
the pulp cavity, do not exceed o diameter, in 
their close arrangement at interv^als scarcely exceeding the breadth 
of a single tube, and, above all, on their strong and almost angular 
gyrations, AAdiich are much greater than the secondary curvatures 
of the tubes of ordinary dentine. 

The dentinal tubes of ivory, as they radiate from the pulp-cavity, 
incline obliquely toAvards the pointed end of the tusk, and dc- 

’ I had the tusk and pulp of an elephant nt the Zoological Gardens longitudinally 
divided, soon after the death of that animal in the summer of 1847. Although the 
pulp could be easily detached from the inner surface of the pulp-cavity, it was not 
without a certain resistance ; and when the edges of a co-adapted pulp and tooth were 
examined by a strong lens, the filamentary processes from the outer surface of the pul]) 
could be seen stretching as they were withdrawn from the dentinal tubes before they 
broke. They are so minute that, to the naked eye, the detached surface of the pulp 
seems to be entire, and Cuvier was thus deceived in concluding that there was no or- 
ganic connection between the pulp and the ivory, cxxxix. Ed. 1834, torn, i, p. 53!). 
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^ Ik secona aud shorter one concave : these curves in narrow 
WSuoa» Irom near the open base of tlie tusk arc almost obscured 
by the strong angular parallel secondary gyrations. The tubes 
dm^le dichotomously , at acute angles, and gradually decrease in 
s\2e as they approach the periphery of the tusk. 

The chavactevistic appearance of decussating curved strive, with 
o\)\\c\v\e Yhoiuboidal spaces, so conspicuous on transverse sections 
or fractures of ivory, is due to the refraction of light caused by 


the parallel secondary gyrations of the tubes above described. 
The strong contour lines observed in longitudinal sections oi’ 
ivor}^, parallel vdih the cone of the pulp-cavity, and which are 
circular and concentric when viewed in transverse slices of the 


tusk, are commonly caused by strata of minute opaque cellules, 
which are unusually numerous in the interspaces of the tubes 


throughout the substance of the ivory, and by their very great 
abundance and larger size in tlie peripheral layers of cement. 
The decomposition of the fossil tusks into superimposed conical 
layers takes place along the strata of the opaque cellules, and 
directly across the course of the gyrating dentinal tubes. 

By the minuteness and close arrangement of the tubes, and 
especially by their strongly undulating secondary curves, a 
tougher and more elastic tissue is produced than results from 
their disposition in ordinary dentine ; and the modification which 
distinguishes ‘ ivory ’ is doubtless essential to the due degree of 
coherence of so large a mass as the elephant’s tusk, projecting so 
far from the supporting socket ; and to be frequently applied in 
dealing hard blows aud thrusts. 

§ 222. Homologies of Teeth, — In Histology tissues differ 
according to the kinds and degrees of force which they exercise 
in the living body : some, the nervous and muscular, e.g. are 
"active; ’ others, with lower endowments of elasticity, adhesiveness. 


hardness, &c., may be called ^ passive,’ and the chisses of tliese 
tissues are less definite and distinct. In considering the homo- 
logy of a tooth, in reference to its class of tissue, our view of it 
must not he restricted to its ordinary conditions in mammalia, 


where a central pulp-canal radiates a single system of dentinal 
tubes like the lacunal tubes from a Haversian canal, but should 


be extended to those less specialised states of tooth in which the 
body of dentine is traversed by several pulp-canals, either di- 
chotomising, as in the molar of Orgeteropus^ vol. i. p. 369, fig. 
247, or ramifying throughout the dentine, as in the laniariform 
tooth of Lamna (vol. i. p. 364, fig. 241). 



HOMOLOGIES OF TEETH. 


367 


A vascular matrix buds out in the shark from the membrane 
covering the jaw, as in the deer from that covering the cranium, 
and the blood-vessels, ramifying through such matrix*, convey the 
phosphate of lime which hardens it ; each ultimate ramification 
that radiates a system of dentinal tubes in the shark’s tooth, cor- 
responds with the same ramification of the artery radiating lacuna! 
tubes in the matrix of the deer’s antler. 

After the tooth of the shark has been worn by the uses for 
which it was calcified, it is shed like the antler, and is succeeded 
by another. There is merely a difference in the place of suc- 
cession, the new tooth rising close to, but not, as in the antler, 
directly under, the base of the old. 

But the basis from which the matrix of both tooth and antler 
grows is homologically the same. In both instances the gum, or 
corium, is pushed out by the growing matrix : in the deer it forms 
the ^ velvet ’ which peels away from the ossified matrix, in the shark 
it is hardened into the enamel-like layer covering the matrix. 

These are the dificrences that can be predicated in reference to 
the histological homology of the parts in question, and the shark’s 
tooth answers to the deer’s antler, plus the outer enamel-like 
covering, in mode of development, structure, growth, shedding, and 
succession. They correspond, alike, with osseous texture ; and, 
under a less genus, with the parts of the dermo-skeleton. 

But the tooth of a shark is homologous with that of a porpoise ; 
therefore, teeth are referable to the dermo- or entero-skeletal 
parts of the osseous system. 

> Descending to the special homologies, we find that the idea 
of a recognition of answerable teeth in different animals has 
prevailed, more or less vaguely, in Anatomy, from an early period 
of the science. 

When ‘ incisors,’ ^ canines,’ and ^ molars ’ were predicated of 
the dentition in different species, homologous teeth were re- 
cognised so far as the characters of those classes of teeth were 
defined and understood. 

The Cuviers * went a step further, and distinguished the molar 
teeth into ^ false’ and Hrue,’ into ^carnassial’ and ^tubercular.’ Dc 
Blainville pointed out a particular tooth by the name of ‘ principal,’ 
which he believed himself able to trace from species to species.^ 

The first step in this inquiry is the elimination of those classes 
of Vertebrata and orders of Mammalia in which homology cannot 
be predicated of individual teeth. This limits the work to the 
group of mammals here termed ‘ Diphyodonts.’ 

* cxx". and cxxi". The line ‘ Blainville’ runs through that tooth in fig. 293 . 
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Only in the Mannnalian orders with two sets of teeth do those 
organs acquire fixed individual characters, supporting the appli- 
cation of special denominations ; and this individualisation of the 
teeth is significative of the high grade of organisation of the 
animals manifesting it. 

Originally, indeed, the name ‘ incisors,’ ‘ laniaries ’ or ^ canines,’ 
^ molars,’ ^ tuberculars,’ Avere given to the teeth in Man and 
certain Mammals, as in lieptiles, in reference merely to the shape 
and offices so indicated ; but names of teeth can noAV be used as 
arbitrary signs, in a more fixed and determinate sense. In some 
Carnivora^ e.g., the front teeth have tuberculate summits, adaj)ted 
for nipping and bruising, while the principal back teeth arc 
shaped for cutting, and work upon each other like the blades 
of scissors. The front teeth in the Elephant project from the 
upper jaw in the form, size, and direction of long pointed horns. 
In short, shape and size are the least constant of dental cha- 
racters ; and the homologous teeth arc determined, like other 
parts, by their relative position, by their connections, and by their 
development. 

Those teeth which are implanted in the premaxillary bones, 
and in the corresponding part of the lower jaw, are called ^ in- 
cisors,’ whatever be their shape or size. The tooth in the 
maxillary bone, which is situated at, or near to, the suture with 
the premaxillary, is the ^ canine,’ as is also that tooth in the lower 
jaAv which, in opposing it, passes in front of its crown when the 
mouth is closed. The other teeth of the first set are the ^ de- 
ciduous molars ; ’ the teeth which displace and succeed them ver- 
tically arc the ^ premolars ; ’ the more posterior teeth, which are 
not displaced by vertical successors, arc the ^ molars,’ projjerly so 
called. 

The premolars must disjdacc deciduous molars in order to rise 
into place ; the molars are a continuation, backward, of the pri- 
mary or ‘ milk ’ series. It will be observed in fig. 294 that the 
last deciduous molar, d 4 , has the same relative superiority of 
size to d 3 and d 2 which m 3 bears to m 2 and m i ; and that the 
crowns of p 3 and p 4 are of a more simple form than those of the 
milk-teeth which they are to succeed: this, however, is not a 
constant character (see fig. 287, Hyrax). Teeth of each of the 
kinds arbitrarily termed ‘ incisors,’ ^ canines,’ ^ false molars,’ and 
^ molars,’ have received other special names, having reference to 
certain peculiarities of form or other property. The premolars 
ill the human subject have been called ^ bicuspids.’ The last 
upper premolar and the first true molar in the Carnivora arc 
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termed ^ sectorials,’ or ^ molaires carnassi^res.’ Teeth of an 
elongated conical form, projecting considerably beyond the rest, 
and of uninterrupted growth, are called ^ tusks ; ’ such, for example, 
are the incisors of the elephant, narwhal, dinotherium, and 
dugong, the canines of the boar, walrus, and hippopotamus. The 
long and large incisors of the rodents have been termed, from 
the shape and structure of their cutting edge, scalpriform teeth, 
cliisel teeth, ^ dentes scalprarii.’ The lower incisors of the colugos 
( Galeopithecus)^ with the crown deeply notched like a comb, are 
termed ^ dentes pectinati.’ The canines of the baboons, which 
are deejily grooved in front like the poison-fangs of some snakes, 
are ^ dentes canaliculati.’ The compressed crowns of the teeth of 
short-clawed seals (^Stenorhi/nchus) and of the extinct Zeuglodon^ 
being divided into points like a saw, are ^ dentes serrati,’ &c. But 
a true knowledge of nature, a right appreciation of what is 
essential in her phenomena, tends to explode needless terms of 
art iti^ented for unimportant varieties, and to establish those 
names that are the signs of true species of things. 

As most zoologists have adopted the Cuvierian system of 
nomenclature and homology of the teeth in Mammalia, it may 
not be superfluous to explain what is objectionable in that 
system. In it the molar series of teeth, or those that follow the 
canines, arc divided, according to their form, into three kinds, 

‘ false molars,’ ^ carnassials,’ and ^ tubercular molars,’ and the 
ireuerlc dental characters of the Mammalia are formulised ac- 
cording to this system. Thus, the genus Felis has — ^ fausses 
molaires’ f:f, ^ carnassieres ’ ^ tuberculeuses ’ This 

seems a natural way of expressing the homotypal teeth, or the 
answerable teeth in the upper and lower jaws. But to illustrate 
its error, the subjoined diagram, fig, 293, is appended, in which 
the dental system of the Cat-tribe {Felis v.) is associated with 
that of other Mammals, and in which the line marked ^ Cuvier ’ 
intersects the teeth in each jaw, called ^ carnassidres,’ those 
anterior to them being the teeth called ^ fausses molaires ; ’ those 
behind — a single tooth in the upper jaw of Felis — being the 
^ tuberculeuscs.’ In this genus the tooth, p 4 , above chiefly plays 
upon the tooth, m i, below, which has a similar sectorial or car- 
nassial modification of form ; they fit, indeed, almost as Cuvier 
describes, like the blades of a pair of scissors. The two teeth in 
advance of the carnassial in the upper jaw, 3 , p 2, in like manner 
are opposed to the same number of ^ fausses molaires ’ in the 
under jaw, and the canine, c, above jdays upon the canine below : 
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Ilomologles of Teeth. 


all seems and sym- 

metrical, save that the little 
tubercular, m i, above has no 
opponent in the lower jaw. 
And, perhaps, the close ob- 
server might notice that, 
whilst the upper canine, c, 
glides behind its homotype 
below, the first upper false 
molar, p 2, passes anterior 
to the crown of the first false 
molar, p 3, below ; and that 
the second false molar, p 3, 
and camassial, p 4 , of the 
upper jaw are also a little 
in advance of those teeth, 
p 4, m 1, in the und# jaw, 
when the mouth is shut. 

In passing to the denti- 
tion of the Dog, ib. itt. 
Canis^ formulised by Cu- 
vier as ^fausses molaires | , 
carnassicres f, tuberculeu- 
ses ■% = If ‘ it will be ob- 
served that here the first 
upper false molar, p 1, 
differs from the first, p 2, in 
Felisy inasmuch as, when 
the mouth is shut, it pre- 
serves the same relative 
position to its opponent 
below, p 1, in 111., which 
the upper canine does to the 
lower canine, and that the 
same may be said of the 
second and tlie third false 
molars; but that, with re- 
gard to the camassial above, 
p 4, this tooth repeats the 
same relative position in 
regard to the fourth false 


* cxxi". p. 95. 
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molar below, p 4 , and not to that tooth, 711 1, which Cuvier regarded 
as the lower homo type of the carnassial ; and, indeed, the more 
backward position of the lower carnassial is so slight that its 
significance might well be overlooked, more especially as the 
two succeeding tubercular teeth above were opposed to two 
similar tubcrculars below. 

How unimportant size and shape are, and how significant 
relative position is, in the determination of the homologies of teeth 
as of other parts, may be learnt before quitting the natural order 
of Carnivora ; e. g. by the condition of the dental system in the 
Bear, ib. ix. Ursus. Here the lower tooth, rn 1, instead of pre- 
senting the carnassial character, and resembling in form the 
upper tooth, p 4 , which is the homologue of the upper carnassial in 
the dog, has a tubercular crown, and corresponds in size as well as 
shape with the upper tooth, /w i, to which it is almost wholly op- 
posed, and with the same slight advance of position which we 
observe in the lower canine as compared with the upper one, and 
in the four lower premolars, p i, p 2, p 3, j) 4 , as compared with 
their veritable homotypes above. F. Cuvier divides the molar 
scries of the genus Ursus into ^ fausses molaires carnassieres 
tuberculeuscs = The tendency in every thinker to gene- 

ralise and to recognise Nature’s hai’inonies, has led him here to 
use the term ^ carnassicre ’ in an arbitrary sense, and to apply it to 
a tooth above (i\. p 4 ), which he owns has such a shape and 
diminished size as would have led him to regard it as merely a 
false molar, but that the upper carnassial would then have en- 
tirely disappeared ; and it lias also led him to give the name 
‘ carnassicre ’ to a tooth below, m i, which he, nevertheless, de- 
scribes as having a tubercular and not a trenchant crown. In 
so natural a group as the true Carnivora, it was impossible to 
overlook the homologues of the trenchant carnassials of the lion, 
even when they had become tubercular in the omnivorous bear ; 
and Cuvier, therefore, having determined and defined the teeth 
so called in the feline genus, felt compelled to distinguish them 
by Ihe same names after they had lost their formal specific cha- 
racter. And if, indeed, he had succeeded in discovering the 
teeth which were truly answerable or homotypal in the upper 
and lower jaws, the term ‘ carnassial ’ might have been retained 
as an arbitrary one for such teeth, and have been applied to their 
homologues in Man and other diphyodonts, where they are as 
certainly determinable as in those aberrant Carnivores, in which 
they have equally lost their sectorial shape. 

* oxxi''. p. 109. 
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But the inconvenience of names indicative of such specialties 
of form will be very obvious when the term ^ tuberculeuses ’ 
comes to be applied to the three hindmost teeth in the Hymnodon 
(fig. 266), whieh teeth answer to the broad crushing teeth, m i, 
m 2, and m 3, in the bear and some other existing Carnivora, 
The analogous term ‘ molar ’ having a less direct or descriptive 
meaning, is therefore so much the better, as the requisite arbitrary 
name of a determinate species of teeth. 

Had Cuvier been guided in his determinations of the teeth by 
their mutual opposition in the closed mouth, and had studied 
them with this view in the Carnivora with the dentition most 
nearly approaching to the typical formula, viz. the Bear, he could 
then have seen that the three small and inconstant lower pre- 
molars, 1, p 2, /; 3, were the homotypes of the three small and 
similarly inconstant premolars above ; that the fourth false molar, 
7? 4 below, which, as he observes, ^ alone has the normal form,’ * 
was truly the homotype of the tooth above, 4 , which he found 
himself compelled to reject from the class of ^ fausses molaires,’ 
notwithstanding it presented their normal form ; that the tuber- 
cular tooth, ni 1 , which he calls ^ carnassiere ’ in the lower jaw, 
was the veritable homotype of his first ^ molaire tuberculeuse ’ 
above, m i, and that the tooth in the inferior series, which 
had no answerable one above, was his second ^tuberculeuse,’ 
m 3, in the present work. The true second tubercular above, 
in 2 , is, hoAvever, so much developed in the Bear as to oppose 
both m 2 and m 3 in the lower jaw, and it might seem to include 
the homotypes of both those teeth coalesced. One secs with an 
interest such as only these homological researches could excite, 
that they were distinctly developed in the ancient Arnphicyon^ 
fig. 267, which accordingly presents the typical formula. 

Thus the study of the relative position of the teeth of the Bear 
might have led to the recognition of their real nature and homo- 
logies, and have helped to raise the mask of the extreme formal 
modifications, by which they are adapted to the habits of the 
more blood-thirsty Carnivora, But* the truth is plainly revealed 
when we come to trace the course of development and succession 
of these teeth. As the question only concerns the molar series, 
the remarks will be confined to those teeth. In the jaws of the 
young Bear, fig. 263, the first premolar i^ the only one of the 
permanent series in place ; the other grinders in use are the 
deciduous molars, d 2, d 3, and d d '2 will be displaced by p 2, 
d ^ by 3, and d 4 by tlie tooth p 4, which, notwithstanding its 

* CXXl". p. 1 1 1. 
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size and shape, Cinier felt himself compelled to discard from the 
series of false molars, but whicli we now see is proved by its 
developmental relations to d 4, as well as by its relative 2)osition 
and simiJarity to /; 4 in the lower jaw, fig. 292, ii., Ursus^ to be 
veidtably the last of the premolar series, and to agree not in 
sha})e only, but in every essential character, witli tlic three pre- 
ceding teeth called by Cuvier ^ faussesmolaires.’ So, likewise, in 
the lower jaw, it is seen tliat the primitive deciduous series, fig. 263, 
d d 2 , d 3, and d 4, will be displaced by the corresponding pre- 
molars, jo i, /:> 2, p j) 4 ; and that the tooth 7ti i, called car- 
nassiere by Cuvier, in the lower jaw, differs essentially from that, 
p 4, so called in the upper jaw, by being developed without any 
vertical 2)redecessor or deciduous tooth. 

The same law of dcvelojmicnt and succession prevails in tlie 
genus Cants as may be readily seen in the jaws of a dog of ten 
months’ age. Although the tooth, 7n i, iir. fig. 293, in the 
lower jaw has exchanged the tubercular for the carnassial form, 
it is still dcveloj)ed, as in the Bear, behind the deciduous series, 
and independently of any vertical jwcdecessor, fig. 262, ni i ; and 
the tooth, ib.^y 4, above, although acquiring a relative superiority of 
size to its homologue in the Bear, and more decidedly a carnassial 
form, is not the lioinotype of the permanent carnassial below, but 
of that })remolar, p 4, wliich displaces the deciduous carnassial, 
d 4. The symbols in fig. 293, iif., sufficiently indicate the re- 
lations of the other teeth, and the conclusions that arc to be 
drawn from them as to their homologies. 

In the genus Fclis, fig. 260, the small t)crmancnt tubercular 
molar of the U 2 )])cr jaw, tn i, has cut the gum before d 4 has been 
shed ; but though analogous in function, this tooth is not homo- 
logous with, or the precedent tooth to 7ri i, but precedes the 
^rcat carnassially modified ju-cmolar, p 4. In the lower jaw the 
tooth, m 1 , wliich is functionally analogous to the carnassial 
above, is also, as in the Bog, the first of the true molar scries, 
and the liomoty 2 )e of the little tubercular tooth, m i, above. 
And the homologucs of the permanent teeth, p 4 and in i below, 
fig. 293, V., with those so symbolised in the Bog, ib. ill., teach 
us that the teeth which arc wanting in the feline, in order to 
equal the number of those in the canine dentition, are m 2 in 
the ujqDcr jaw, tii 2 and in 3 in the lower jaw ; p i in the uji^^cr 
jaw, ji 1 and p 2 in the lower jaw ; thus illustrating the rule, that, 
when the molar series falls short of the typical number, it is from 
opposite extremes of such series that the teeth are taken, and that 
so much of the series as is retained is thus preserved unbroken. 
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In the great extinct Ral)re-toothecl Tiger, Machairochis^ fig. 293, 
vii., the series is still further reduced by the loss of 2 , in the 
‘ upper jaw. 

In the common Cat, the deciduous incisors, d /, begin to 
appear between two and three Aveeks old ; the canines, d c, next, 
and then the molars, d ?/?, follow, tlje whole being in place 
l)eforc tlic sixth Aveck. After the scA^enth month they begin 
to fall in file same order; but the lower sectorial molar, 1, 
and its tubercular homotype aboA^e, m 1, apjiear before d. 2, 
d 3, and d 4 fall. The longitudinal grooA^es are very faintly 
marked in the deciduous canines. The first deciduous molar, 
m 2, in the upper -JaAv is a very small and simple one-fanged 
tooth ; it is succeeded by the corresjKUiding tooth of the perma- 
nent series, Avhich answers to the second preniolar, 2, of the 
llyiena and Dog. The second deciduous molar, m 3, is the 
sectorial tooth ; its blade is trilobate, but both the anterior and 
posterior smaller lobes are notched, and the internal tubercle, 
which is relatively larger than in the permanent sectorial, is 
continued from the base of the middle lobe, as in the deciduous 
sectorial of the Dog and Hyiena ; it thus typifies the form 
of the iippci* sectorial, which is retained in the jiei’manent den- 
tition of several Viverrine and Musteline species. The third or 
internal fang of the deciduous sectorial is continued from the 
inner tubercle, and is opposite the interspace of the Iaat) outer 
fangs. The IMustelinc type is further adhered to by the young 
Feline in the large jirojiortional size of its deciduous tubercular 
tooth, d 4 . In the loAvcr jaw, the first milk-molar, d 3, is suc- 
ceeded by a tooth, p 3, Avhich answers to the third loAver jire- 
molar in the Dog and CiAct. The deciduous sectorial, d 4, 
Avliich is succeeded by the i:>rcmolar, 4 , answering to the fourth 
in tlic Dog, has a smaller proportional antenaor lobe, and a 
larger posterior talon, Avhich is usually notched; thereby a])- 
proaching the form of the permanent loAver sectorial tooth in the 
JSI i(std(d(£. 

AVhen the premolars and the molars are bcloAV their typical 
number, the absent teeth, as a ride,* arc missing from the fore- 
part of the jiremolar series and from the back-part of the molar 
scries. The most constaTit teeth arc the fourth premolar and the 
first true molar ; and these being knoAvn by their order and mode 
of develojiment, the homologies of the remaining molars and pre- 
molars are determined by counting the molars from before back- 

’ 111 sonic instaiici's the first prcmolar or first niilk-inohir remains, of small size, 
when 2^ 2 and p 3 arc lost. 
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wards, e.g. ^ one,’ ^ ^ three' ; and the premolars from behind 

forwards, ‘ four,’ ^ three,’ ^ two,’ ‘ one.’ 

Examples of the typical diphyodont dentition are exceptions in 
the actual creation ; but it was the rule in the earlier forms of 
placental Mammalia, whether the teeth were modified for animal 
or vegetable food. 

Not only the Hymiodon^ fig. 266, and Amphicyon, fig. 267, but 
the Dichodoriy Anoplotlierium^ Palmotherium^ ChceropotamiiSy An- 
thracotherium, Hyopotamus^ Pliolophus^ J I yracotherium^ and 
many other ancient (eocene and miocene) tertiary Mammalian 
genera presented the forty-four teeth, in number and kind ac- 
cording to that which is here propounded as the typical or normal 
dentition of the placental diphyodonts. When the clue is afforded 
to their homologies, it infallibly conducts to the true knowledge 
of the nature both of the teeth which are retained, and of those 
which are wanting to complete the typical number. Thus may 
be deciphered the much modified dentition of the genus Felis ; 
and the same clue will guide to the knowledge of the precise 
liomologies of the teeth in our own species. 

The known limits of the premaxillary in Man leads to the de- 
termination of the incisors, which are reduced to two on each side 
of both jaws ; the contiguous tooth shows by its shape as well as 
position that it is the canine ; and the characters of size and 
shape have also served to divide the remaining five teeth in eaeh 
lateral series into two bicuspids and three molars. In this in- 
stance the secondary characters conform with the essential ones, 
as exhibited in the dissection of the jaws of a child of about six 
years of age, fig. 258. The two incisors on each side, d 2 , are 
followed by a canine, c, and this by three teeth having crowns 
resembling those of the three molar teeth of the adult. In fact, 
the last of the three is the first of the permanent molai’s ; it has 
pushed through the gum, like the two molars which arc in ad- 
vance of it, without displacing any previous tooth, and the sub- 
stance of the jaw contains no germ of any tooth destined to 
displace it ; it is therefore, by this character of its development, 
a true molar, and the germs of the permanent teeth, which are 
exposed in the substance of the jaw between the diverging fangs 
of the molars, d 3 and d 4 , prove them to be temporary, destined 
to be -replaced, and prove also that the teeth about to displace 
them are premolars. According, therefore, to the rule previously 
laid down, we count the permanent molar in place the first of its 
series, m i, and the adjoining premolar as the last of its series, 
and consequently the fourth of the typical dentition, p 4 . 
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We are thus enabled, with the same scientific certainty as that 
w'hereby we recognise in the middle toe of our foot the homologue 
of that great digit which forms the whole foot, and is encased by 
the hoof, in the horse, to point to p 4, or the second bicuspid in 
the upper jaw, and to m i, or the first molar in the lower jaw, of 
Man, fig. 29.3, i., as the homologues of the great carnassial teeth 
of the Lion, p 4, m i, ib. v. We also conclude that the teeth which 
are wanting in Man to complete the typical molar series, are the 
first and second 2 >i*emolars, the homologues of those marked p i 
and p 2 in the Bear, ib. ii. The characteristic shortening of the 
maxillary bones required this diminution of the number of their 
teeth, as well as of their size, and of the canines more esj)ecially ; 
and the still greater curtailment of the premaxillary bone is 
attended with a diminished number and an altered position of the 
incisors. 

The homologous teeth being thus determinable, they may be 
severally signified by a symbol as well as by a name. The 
incisors, e.g., are represented in the present work by their initial 
letter and individually by an added number, i i, i 2 , and ^ a, 
(iounting from the medial line outwards ; the canines by the 
letter c; the premolars by the letter p\ and the molars by the 
letter m ; these also being differentiated by added numerals. 
Thus, the number of these teeth, on each side of both jaws, in 
any given species, Man, e.g., may be exjn'essed by the following 
brief formula : — 


.2.2 1.1 2.2 
*2.2’ "" l.r^' 2 . 2 ’ 


m 


3.3 


3.3 


32 : 


and the homologies of the individual teeth, in relation to the 
tyjncal formula, may be signified by ?’ 1 , z 2 ; c; 3 , p4; mi, m 2 , 
m 3; the suppi’essed teeth being i ^^p 1 , and/? 2 . 

The soundness of the foregoing conclusions as to the nature of 
the teeth absent in the reduced dental formula of Man, is exem- 
idified by the mode in which the type is ju’ogressively resumed in 
descending from Man through the order most nearly allied to our 
own. 

Through a considerable part of the Quadrumanous series, the 
same number and kinds of teeth are present as in Man, the first 
deviation being the sexual disprojiortionate size of the canines 
and the concomitant break or ‘diastema’ in the dental series for 
the reception of their crowns when the mouth is shut. This is 
manifested in Gorillas, Chiinjianzees and Orangs, together with 
the sexual difference in the proportions of the canine teeth. Then 
comes the added j^remolar in the New World Monkeys, fig. 251, 
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ji 2, and the further additions in lower quadrupeds, until in the 
Hog genus we see the old primitive type of diphyodoiit dentition 
resumed or retained. 

In the genus Siis, fig. 293 illustrates the phenomena of de- 
velopment which distinguish the premolars from the molars. At 
the stage exemplified the first prcmolar,* p i, and the first molar, 
in I, are in place and use, together with the three deciduous 
molars, d 2, d 3, and d 4 ; the second molar, m 2, has just begun 
1o cut the gum; ;;2,/;3, and ;?4, together with m3, are more or 
less incomplete and concealed in their closed alveoli. 

The 2 )remolars displace deciduous molars in order to rise into 


294 



Deculuuus and tectli jaw 


place; the molars have no such relations; it will be observed, 
that the last deciduous molar, d 4, has the same relative supe- 
riority of size to d 3 and d 2 Avhich m 3 bears to in 2 and m i ; and 
tlie crowns of p 3 and p 4 arc of a more simple form than those of 
the milk-teeth which they are destined to succeed. 

The ])remolars have a more simple structure as well as smaller 
size, than the true molars, in all Artiodactyles. In the Ku- 
ininants they rciwesent only the moiety of the true molars, or 
one of the two semi-cylindrical lobes of which those teeth consist, 
with, at most, a rudiment of the second lobe. The Perissodactyles 
arc distinguished by the size and complexity of more or less of 
the premolars. In Eqiius, 2 , pz and p 4, even exceed in size 
m 1,1712 and m3. In Rhinoceros and Palceotherium the propor- 
tions of the molars and jircmolars are reversed ; but the struc- 
ture is the same. In Lophiodon, Coryphodon and Pliolophus the 
premolars become more simplified as well as diminished, a 2 > 

* If this tooth have not displaced a minute milk- molar, it may be reckoned a I, 
which is longer retained than the rest of the deciduous molars ; in this degree the 
type-dentition is departed fiom. 
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proaching to a common Ungulate type. In the Proboscidian 
group, the oldest species indicate retentions of type unknown 
in the dentition of existing Elejdiants. A premolar, fig. 295, 
p 3 , displaces vertically the second deciduous grinder, d 3 , in some 
Mastodons : and, that the third molar in the order of appearance, 
d 4 , is also the last of the deciduous series, is indicated by the 
contrasted supei’iority of size of the tooth, i, that follows. The 
great extent and activity of tlie processes of dental development 
required for the preparation of the large and complex true molar 
teeth, would^scem to exhaust the power in Proboscidians, which, 
in ordinary Pachyderms, is expended in developing the vertical 
successors of the deciduous teeth. In the miocene Mastodon 
above cited, this normal exercise of the reproductive force was 
not, however, wholly exhausted ; and one premolar, fig. 295, p 3 , 
of more simple form than its deciduous predecessor, was de- 
veloped on each side of both jaws. Another mark of adhesion to 
the archetype was shown by the development of two incisors in 
the lower jaw in the young of some Mastodons, by the retention 

and development of one of these in- 
ferior tusks in the male of the Mas- 
todotifjiganteusoi North America, and 
by the retention of both in the Eu- 
ropean 3Iast(}don longirostris^ Kaup. 
No trace of these inferior homotypes 
of the premaxillary tusks have been 

Deciduous teeth, Mastodon. , i n t 

fletected in the toetus or young of tlie 
existing elephants. In the gigantic Dinotherium, the upper in- 
cisors were suppressed, and the lower incisors were developed into 
huge tusks, which curved down from the symphysis of the massive 
lower jaw. 

The chief modifications of the marsupial dentition have already 
been described and illustrated. The observed jihenomena of the 
development and change of the teeth led to the generalisation 
that the marsupial differed from the placental Diphyodont 
mammals in having four true molars, i. e,, m instead of 
m ; and also that they differed in having only three pre- 
molars, i. e. p f instead of p ; the typical number of the 
grinding series, being the same ; and it was convenient for 
comparison to symbolise them accordingly, in figs. 221-230. 
Since, however, there is reason to conclude that m i in the pla- 
cental Diphyodonts, as, e. g., figs. 259 and 294, is a continuation 
of the deciduous series of molars, which might be symbolised as 
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d 5, and only becomes a permanent molar because tlierc is no 
premolar developed above it, so we may regard the tooth marked 
m 1 in figs. 221-230 as being an antecedent tooth of the deciduous 
series, rendered permanent by a like reason, the suppression, viz. 
of p 4. In other words, that m i in fig. 227 is the homologue of 
d 4 in fig. 294, and that the true homologue of p 4 is not deve- 
loped in the Marsupialia, 

Tlie liomologies of the teeth of the Kangaroo are illustrated in 
fig. 296, according to this idea of them; the dental formula of 
both the Ma(yropodid(B and Hypsq^rynmidcB being — 


. 3.3 
1,1 


c 



1.1 

J.l’ 


, 1.1 

i.i 


3.3 


m 


3-3 


= 30: 


instead of — 


3.3 l.l 1.1 
1 . 1 ^ 


4.4 

U.4 


= 30. 


The canines, which are confined to the upper jaw, are small or 
minute when retained ; and disappear after being represented ^ en 
germe ’ in most of the true Kangaroos. 

In the deciduous dentition of the great Kangaroo {Macropus 
major) the canines are rudimental, and are absorbed rather than 
shed. No other of the deciduous scries is calcified, save the 
molars d 2 and d. 3, fig. 296, unless the jicrmanent incisors be de- 
veloped and retained milk-teeth. When the young animal finally 
quits the pouch the dentition is — 

,.Ll , 2.2 

di ^ ^ ; d hi = 12 ; 


the upper incisors being i i, the molars d 2 and 3 of the typical 
dentition. This stage is exemplified in the lower jaAv at a (fig. 
296). The next stage shoAvs the acquisition of i 2 in the upper 
jaAv, and d 4 in both jaA\"s, and the formula is — 

2 2 3 3 

d i d m - =18, ib. u. 


At one year old, the dentition is — 


3.3 


1.1 


, 3.3 1.1 


21 ; 


the additional teeth being i 3 and m i (ib. c), in which the demon- 
stration of the true deciduous cliaracter of d 2 and d 3 is shown 
by the germ of their vertical successor j) 3, Avhich is exposed in 
the substance of the jaAv. The next stage is the shedding of 
d 2 , and the acquisition of m 2 (ib. d). Then 3 is shed by 
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the ascent of j) 3 into its place (ib. e). Afterwards m a is ac- 
quired ; and in the Macropus giyas^ p 3, simultaneously pushed 
out (ib. f). 

Thus, four individuals of this species may be found to have 
the same number of molars, i. c. J ; two of these individuals 
may seem, on a cursory comparison, to have them of the same 
shape, e. g., as in c and e, or as in d and f, fig. 296. In fact, to 
determine the identity or difference in such instances, it requires 
that the substance of the jaws be examined, to see if the germs 
of successional teeth are present, as at p^, c and D, or at m 3, e. 
The result of such examination may be to show that not one of 
the four Kangaroos with the m had the same or homologous 
teeth. 

The four grinders, e. g. may be — d 2 , 3, 4, wi i ; as in c ; or 

d d A, m\y m2] as in d ; or jt? 3, tZ 4, i, 2 ; as in E ; or 4, 
m 1, m 2, and /w 3 ; as in F. 

The changes, however, do not end here. As age advances, 
tZ 4 is shed, and the molar series is reduced numerically to the 
condition of u ; but, instead of <Z 2, rf 3, and d 4, it consists of 

711 1, TW 2, TW 3. 

Finally, m i is shed, and the dentition is reduced to the same 
numerical state as at a ; the teeth, however, being m 2 and m 3. 

The symbols used, it is hoped, are so plain and simple as to 
have formed no obstacle to the full and easy comprehension of 
the facts explained by means of them. If these facts, in the 
manifold diversities of Mammalian dentition, were to be de- 
scribed in the ordinary way, by verbal definitions, e. g,, ^ the 
second deciduous molar representing the third in the typical 
dentition,’ instead of d 3, and so on, the description of dental 
development would continue to occupy much unnecessary space, 
and would levy such a tax upon the attention and memory as 
must tend to enfeeble the judgment and impair the power of 
seizing and appreciating the results of the comparison. 

Each year’s experience has strengthened the writer’s convic- 
tion that the rapid and successful progress of the knowledge of 
animal structures, and of the generalisations deducible therefrom, 
will be mainly influenced by the determination of the homology 
of parts and organs, and by the concomitant power of condensing 
the proportions relating to them, and of attaching to them signs 
or symbols equivalent to their single substantive names. In the 
writer’s Works, cxl, cxli, cxliv, he has denoted most of the 
bones by simple numerals. The symbols of the teeth are fewer 
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Itt RMittW, are easily luulerstood and remembered, and, if f»enc- 
mVy adopted, might take the place of names. They would'’then 
render unnecessary the repetition of phrases, harmonise con- 
ictmg synonyms, serve as a universal language, and at the same 
time express the expositor’s meaning in the fewest and clearest 
terms, ihe entomologist has long found the advantage of such 
si^s as 5 an ?, in reference to the sexes of insects, and the 
ike ; and it is hoped that the time is now come when the ana- 
tomist may avail himself of this powerful instrument of thought, 
mstruction, and discovery, from which the chemist, the astro- 
res2 * geometrician have obtained such important 



MOUTH OF MAMMALS. 


383 


CHAPTER XXX. 

ALIMENTARY CANAL AND APPENDAGES OF MAMMALS. 

§ 223. Mouth . — Fleshy lips form the main characteristic of the 
mammalian mouth. But they are wanting in the Monotremes, 
with other* significant shortcomings of mammalian excellence. 
Lips are, here, transitorily manifested, it is true, at the suckling 
period; but soon degenerate into the pergameneous border of 
the beak in Platypus^ and are reduced, in Echidna^ to the scarcely 
movable margin of the small terminal oral orifice o:^ the adult. 
The Cetacea show the greatest extremes witliin the limits of a 
natural group in the development of the lips. They are barely 
represented in the Porpoise, fig. 297, and other DelphiuidcB by 

297 



the low, firm, ridge of integument, supported by adipo-fibrous 
tissue with scarce a trace of ^orbicularis oris’: while in the 
Whale {Balcena') the upper lip falls down like a thick curtain 
some feet in depth concealing the baleen, and overlapping the 
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mandible when the inoiitb is closed. The side-walls of the month 
are not dilatable and contractile so as to vary the capacity of the 
buccal cavity, like the ‘ cheeks ’ in most other mammals. As a 
rule, in the present class, the mouth is terminal : when not so, a 
rostral production, analogous to that in Sharks, makes the open- 
ing inferior, as in the Tapir, fig. 155. In the Chrysochlore the 
mouth is a small triradiatc slit, like that of a leech, on the under 
surface of the muzzle : it has a like inferior position, hut is more 
deeply cleft in Shrews, in which the groove that runs along the 
mid-line of the under surface of the snout represents the third 
ray of the closed mouth. The remoteness of the mouth from 

the end of the muzzle is in the ratio of 
the length of the latter : consequently, 
among the Shrews, it is greater in 
those {Petrodromus^ Rltyncliocyon^ fig. 
298)Avhich, from the production of the 
snout, have been called ^ Elephant 
Mice’: still more so in the Elephant 
itself, vol. ii. fig. 162. 

The Ornithorhynchus subsists on aquatic insects, larvae, mol- 
lusks, and other small invertebrates which conceal themselves in 
the mud and banks of rivers, and is provided with a mouth 
nearly resembling the flat and sensitive bill of a lamellirostral 
bird. The jaw-bones are invested by a smooth coriaceous integu- 
ment, vol. ii. fig. 199, A, E, «, devoid of hair, but perforated by 
innumerable minute foramina. At the base of the jaws this in- 
tegument is produced into a free fold, which overlaps the hairy 
covering of the cranium immediately behind it. The integument 
covering the upper mandible extends beyond the margins of the 
bone, and forms a tumid, smooth, and highly sensible border ; the 
narrower and shorter under jaw is more closely invested : the 
oral or upper surface of the lateral part of the under jaw supports 
a series of about twenty nearly transverse folds, increasing in 
breadth as they approach the angle of the jaw: the corresponding 
surface of the upper jaw is smooth. On the outside of the pos- 
terior part of each molar in the lower jaw, is the orifice of an 
oblong cheek-pouch, fig. 3, F, F, about two inches in length, and 
half an inch in diameter : the pouch is continued backward, and 
is lined with a hard dry cuticle. The raised posterior lobe of the 
tongue, fig. 212,/, with the projecting horny bodies,^, can impede 
the passage of unmasticated food to the pharynx, and direct it on 
each side into the check-pouches ; whence the Ornithorhynchus 
may transfer its store at leisure to the molar teeth, and comi)lete 
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its preparation for deglutition. An air-breathing warm-blooded 
animal, which obtains its food, while submerged, by the capture 
of small aquatic animals, must derive great advantage from the 
structure which enables it to transfer them quickly to a* temporary 
receptacle, whence they may be extracted and masticated while 
the animal is floating on the surface or at rest in its burrow. 
The soft palate is thick, broad, and divided posteriorly into 
three fimbriated lobes. The pharynx is narrow, and is encom- 
^)assed by two posterior processes of the thyroid cartilage, fig. 212, 
c, c. The long tubular mouth in Echidna, like that in the Ant- 
eaters, is remarkable for its small orifice, fig. 302. The palate- is 
armed with six or seven transverse rows of strong, sharp, but 
short retroverted spines. The tongue is long and slender, as in 
the true Anteaters ; its dorsum is broad, flat, callous, and beset 
with hard papillae, and the insects are doubtless crushed between 
these and the palatal spines. As, however, the food undergoes 
less comminution in the mouth of this Monotreme than in that 
of the Ornithorhynchus, the pharynx is wider. 

The jaws of the Marsupialia are covered by well-developed 
fleshy lips ; the upper one is partially cleft in the Kangaroos, as 
in some liodents; the muzzle is clad with hair in Macropus 
major and a few other species; but in most Marsupials it is 
naked, and generally red from the vascularity of the integument. 
The palate is sculptured with transverse ridges. 'I’hcse arc most 
numerous in the Bandicoots, being foui’teen in the Perameles 
nasuta, and are slightly curved forwards : the roughness thus 
produced must aid the tongue in retaining small insects. In a few 
species of Marsupials I have detected cheek-pouches. In the 
Koala they are wide and shallow, situated one on each side of the 
•upper lip ; the orifice is opposite the first superior premolar, and 
leads forward above a horizontal fold of the mucous membrane 
which attaches the upper lip to the side of the premaxillary 
bone, separating this part of the cheek-pouch from the mouth. 
In the Perameles lagotis there are also two small fossae, one on the 
inside of each cheek, about four lines in diameter, and lined by a 
very distinct white epithelium. The aquatic Opossum {Didelphgs 
Vapock) has large cheek-pouches, extending far back into the 
mouth, in which, like the Ornithorhynchus, it may stow away 
fresh-water insects, Crustacea, &c. The fauces are wide in the 
zoophagous, but narrow in the entomopliagous and phytophagous 
Marsupials. The tonsils are represented by a pair of small glan- 
dular cavities.* 

* XX. vol. iii. p. 81. 

C C 


VOL. III. 



3»6 


ANATOMY OF VERTEBKATKS. 


In Rodentia the scalpriform incisors are commonly more or 
less exposed in front of the moutli ; and, as their office is to re- 
duce the food to small bits, the mouth is small. A groove running 
thereto from the nostrils divides the upper lip, conspicuously so 
in the si)ecies which has suggested for this modification in other 
animals the name ^ hare-lip.’ But in a few Kodents, e.g. Mole- 


rats ( Ori/cteropusy Spalax)^ the undivided upper lip surrounds the 
bases of the huge pair of incisors by a kind of hairy sheath, and the 
lower lip is similarly modified in relation to the prominent lower 
incisors. The hairy integument is continued or reflected within the 
mouth in some degree in most Kodents. In the Paca ( Ccelogenys^ 
it is continued along the inside of the cheeks, with an accession of 
glandular follicles ; then, losing the hair, it lines a large cavity 
ibrmed by the singular expansion of the zygomatic process of the 
• 299 maxillary and by the malar 



bone, vol. ii. fig. 237, 21, 2 g . 
Some Rodents have dupli- 
caturcs of the buccal mem- 
brane, outside the zygomata, 
and capable of expansion, 
for storage and conveyance 
of alimentary substances. 
Pig. 299 shows these 
‘ cheek-pouches ’ in Geomys 
hursariusy everted and in- 
flated : a more natural view 


of this buccal appendage is given in the dissection, fig. 300, of 
the head of an African pouched rat. In this species {Sacco- 
stonius lapidariasy Peters) an orifice at the angle of the mouth 

leads to the pouch, widening from 
the orbit to the lower border of the 
mandible, and reaching back as far 
as beneath the ear. In the Ham- 
ster ( Cricetus) the wide orifice of 
the pouch is just Avithin the com- 
missure of the short lips : the bag 
itself extends along the side of the 
head to the neck. The orifice has a 
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Clieek-poucli {Saccostomm). JiXXXiv/* 


s])hincter, and from this there diverge longitudinal fasciculi back- 
ward over the wall of the cavity, which is also provided with 
fibres from the dorso-lateral panniculus carnosus : these tending to 
retract the pouch-walls, while the others draw them forward, and 
both combining to empty the i)ouch. Saccomys and SpermophiJus 
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liave similar clicek-pouclics. The roof of the mouth between 
the incisors and molars is narrow and iddge-like : as it expands 
posteriorly it is commonly beset with two rows of hard oblique 
ridges. In no mammalian order is the food so much reduced by 
mastication as in Rodents, and many of them show concomitant 
modifications of the fauces; such as the. constriction of the soft 
palate in the Capyhara, reducing the communication between the 
mouth and pharynx to a small aperture. In Cajiromys the in)pcr 
lip is furrowed longitudinally, but not bifid. On the middle line 
of the palate, between the incisors and molars, arc three distinct 
hard white tubercles : the first, the largest and most prominent, 
is situated about half-an-inch behind the incisors; the second, 
which is the smallest of the three, is at a distance of three lines 
from the former ; and immediately behind it is the third. On each 
side of the first tubercle there is a softer one situated oir the 
margins of the upper lip. 

The gape of the mouth is wide in insectivorous Ckeiroptera. 
Some bats have a modification of the integument for an analogous 
ofiicc to the check-j)Ouches in a part of the body remote from 
the mouth : the skin extended from the hinddegs to the incurved 
tail (interfenioral membrane) forms a bag into which flics arc 
beaten, inclosed, and stored. The frugivorous kinds have not 
this structure. 

In Nyctcrls two converging ildges of the lower li]^ inclose a 
triangular prominence of the upper li]). In Otoops the upper li]) is 
transversely grooved. In Noctilioii is dependent. The palate is 
transversely ridged, the hinder ones usually divided by a medial 
cleft. The tongue can be protruded far in Cheiroptera ; and, when 
retracted, usually shows transverse (^Mormoops) or oblique foldings 
of the dorsum ; the minuteness or absence of incisors permits 
protrusion even when the molars are in a state of a])position. Rats 
use the tongue in lapping ; also in licking oft' the juice of fruits, as 
e.g. in the tropical Phyllonycteris, The tip of the tongue is spinulose 
in llhinopoma. In the Vampire {Dcsjnodiis, Phyllostoma) the ter- 
minal papilla) resemble wart-like elevations, so arranged as to 
form a circular suctorial disk Avhen they are brought into lateral 
contact by the action of a set of muscular fibres thereto adai)ted. 
Some bats (Saccolamms) have a gular pouch : in Molossus this 
seems to be sexual, and is peculiar to the male. 

In the order Bruta, the mouth is remarkably short in the Sloths, 
and attains its maximum of length and narrowness in the Ant- 
eaters in which it seems to 1)C mainly a sheath for the retracted 



388 


ANATOMY OF VERTEBRATES. 


tongue. The buccal orifice, fig. 9, is little wider than is needed 
for the protrusile and retractile movements of that slender organ, 
so singularly modified for the prehension of the Termites which 
form the staple food of the so-called ^anteaters.’ The tongue 
in Myrmecophaga juhata^ ib. A, is covered by a smooth shining 
epithelium, which begins to present a softer, more vascular 
or mucous character fourteen inches from the apex, but the 
only papillae anywhere visible are two fossulate ones, two lines 
apart, situated on the dorsum, about two inches in advance of 
the termination of the fraenum. A linear groove, commenc- 
ing two inches from the base of the tongue, extends along the 
dorsum to within four inches of the apex. The muscular sub- 
stance of the free part of the tongue is formed by the intrinsic 
fibres, or ^ linguales,’ and by the lingual portions of the stcrno- 
glossi, genio-glossi, and epihyo-glossi (p. 23). The buccal mem- 
brane is smooth, perforated at its lateral and inferior parts, and 
also superiorly beyond the bony palate, by innumerable very 
minute orifices, from a quarter of a line to one line apart, by 
which the secretion of a thin glandular stratum behind the mem- 
brane enters the mouth. Four inches in advance of the angle of 
the jaw, near the lower border of the ramus, a longitudinal ridge 
or low fold of the buccal membrane begins to rise, increasing in 
depth and assuming a callous hardness as it extends forward and 
upward : this ridge is about two lines in breadth, and bends down 
so as to leave a groove between it and the lower membrane 
of the mouth. Introduced termites may be crushed by the action 
of the tongue against these two callous ridges, which seem to 
occupy the place of teeth on each side of the mouth. In the 
two-toed Anteater they take the form of a horny molar plate on 
each side of both jaws. The cavity of the mouth quickly expands 
as it passes backward, and acquires its greatest breadth opposite 
the base of the tongue, ib. having there, in Myrmecophaga 
juhatay a diameter of from four to five inches. The thin mem- 
brane, over which the diverging fasciculi of the sterno-glossi and 
hyo-glossi spread, is capable of considerable dilatation : it serves 
as a sheath for the spirally retracted tongue, and may also form 
a temporary receptacle for the Termites, there blended with the 
more alkaline and solvent salivary secretion of the parotids, 
after being pounded by the tongue against the callous ridges, 
before they are finally swallowed: the singular backward ex- 
tension of the fauces and nasal passages appears to relate, in 
part, to the presence and function of this receptacle. The buccal 
cavity gradually contracts beyond the receptacle to the hyoid 
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bone, immediately in advance of which, nineteen inches from the 
aperture of the mouth, are situated the tonsils, each tonsil being 
an oval patch of a thin layer of muco-glandular substance witli 
a finely reticulate surface. Behind the tonsils, and between them 
and the basi-hyal, a pouch of the gular membrane, fig. 9, s, descends 
between the epi-hyals ; it is one inch and a half in depth, by one 
inch in width. The posterior margin of the soft palate terminates 
by a low angular projection, like the rudiment of a uvula, opposite 
the base of the epiglottis. From the sides of this uvula the mem- 
brane arches backward, and gradually subsides upon the beginning 
of the oesophagus. The whole length of the nasal passages is 
twenty-two inches in the full-grown Mijr.jubata. The first inch is 
surrounded by the cartilaginous part of the nose : the next thirteen 
inches is inclosed by bone : the last eight inches of the canal has 
musculo-membranous walls, and is an enormously developed homo- 
logue of the ^palatum molle ’ in Man. The canal of the posterior 
nares is continued far back beyond the base of the skull, and the 
homologues of the ‘ constrictor pharyngis ’ act upon this canal before 
they embrace the proper pharynx. They consist of several distinct 
muscles. The most anterior one {cerato~pharyngeu,s) comes off from 
an extent of more than an inch of the middle part of the cerato-hyal. 
It is a thin, broad layer, the fasciculi of which diverge to spread 
upon the sides of the postcranial continuation of the nasal passage, 
interlacing with the constrictor fibres which spread over the back 
part of that passage. The second muscle {epi~phari/ngeus) has a 
thicker origin, of ten lines in extent, from the back part of the 
inner end of the cerato-hyal, and from the joint between this and 
the epi-hyal. The fasciculi diverge and spread over the sides of 
the posterior part of the soft nasal canal, partly overlapping the 
preceding muscle anteriorly, and being themselves slightly over- 
lapped by the next portion behind. The third constrictor {hyo- 
pharynyeus) has an origin three lines in extent from the thyro-hyal 
and contiguous part of the basi-hyal : the fibres diverge upon the 
sides of the end of the nasal canal and the beginning of the 
pharynx, the anterior fibres overlapping and then blending with 
the posterior fibres of the preceding muscle. The fourth con- 
strictor {thyro-pharyngeus) comes off from the outer margin of the 
thyroid cartilage, having an origin of nine lines in extent. The 
fibres pass transversely round the pharynx, partially overlapping 
the preceding muscle, and slightly expanding at the back of the 
pharynx. The posterior continuation of this portion, which 
might be regarded as a fifth muscle {crico^pharyngeus\ arises from 
the posterior and outer prolongation of the cricoid, behind the 
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three upper rings of the tracJica. The retractor phari/mfis IkS a 
slender loiinritiidinal muscle, arising from a fascia connected with 
the origin of the scalenus, runs along the outer side of a long 
slender gland, and then passes forward to the outer side of the 
crico- pharyngeiis; where it bends backward, slightly expands, and 
a[)pears to blend with the contiguous fibres of the ciico- and 
thyro- pharynyei. In the Armadillo {Daayjms ^-cinctus^ the 
epiglottis projects through the arch of the soft palate, in the 
middle of wliich there is a thickened part like a rudimcntal 
uvula. 

The mouth is remarkable for its small relative size in the Mana- 
tee. In a specimen Avith a head eighteen inches long and fifteen 
inches deep, the oral opening Avas only three inches from angle to 
angle. The anterior border of the premaxillaries, covered by a 
callous gum, projects beneath the thick up])cr lip, and the horn- 
(dad symphysis of the mandible makes a similar projection aboA C 
the under lip. 

The mouth is relatively small in the Elephant; the under li]) 
alone is free, and is ])roduced into a pointed form ; the upperdip 
blends Avith the nose, and is, thereAvith, produced into the re- 
markable i)rcheiisile appendage characteristic of the proboscidian 
oixler. As it chiefly ministers to the month, conveying thereto 
the aliment, it Avill be described in the present section. 

The proboscis of the full-groAvn Elephant forms an elongated 
cone of four or five feet in length, gradually tapering from the 
root tOAvards the point, Avhich is terminated by a kind of thumb- 
like appendage Avhich is endoAved with excpiisite sensibility, so as 
to be useful in picking up the smallest objects. It is perforated 
lengtliAAdse, by a double tube, formed by a strong tendinous mem- 
brane, lubricated by the secretion of innumerable mucous crypts. 
The membranous tubes arc continued upAA^ard as far as the bony 
nostrils; but, a little before their junction with the latter, they 
form tAvo curves, the nasal passages being closed at this point by 
a cartilaginous elastic valve, Avhich may be opened at the will of 
the animal, but closes by its own elasticity Avhen the muscles 
Avhicli open it cease to act. The interval between the membranous 
tubes and the skin of the proboscis is filled up Avith a thick layer 
of muscular substance composed of several sets of fibres, and Avith 
sclerous tissue. 

The nasal passages may be observed to be not in the centre of 
the trunk, but nearer the anterior surface : the muscles before 
them pass in a radiating direction to the circumference of the 
})roboscis ; those which arc immediately behind the nasal passages 
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arc disposed in a straiglit line from side to side ; external and 
posterior to these again the muscular fibres resume the radiated 
course. The second series of muscles tend to diminish, but can- 
not close, the areaa of the nasal passages; the first and third scries 
contract the diameter of the trunk without affecting that of the 
canals. All the muscles are distinct, and terminate at both ex- 
tremities in slender tendons : they are imbedded in a cellular 
texture occupied by a white homogeneous substance. 

The other muscles of the proboscis are disposed longitudinally, 
in a multitude of fasciculi, dispersed in short curves, so that the 
two extremities of each fasciculus are implanted into the mem- 
branous tubes, wdiile the convexity of the arch is adherent to the 
external aponeurosis. These fasciculi surround the whole trunk, 
throughout its length ; their effect being to shorten it from end 
to end or in any part, and by partial contractions, on one side or 
the other, to bend the trunk in any direction. The longitudinal 
fasciculi arc derivations from four great muscles, which, though 
almost blended together in the trunk itself, have distinct origins. 
Ofgthcse the two anterior arise from the whole breadth of the 
frontal bone above the ossa nasi, while the two lateral muscles 
take their origins from the superior maxillary bones beneath and 
in front of the orbit, answering to those in the Ta])ir, fig. 155, a. 
The posterior surface of the basal part of the proboscis is sup])liod 
with fibres which seem to l)e continuations of a muscle answering 
to the orhicularis oris of the Ta])ir, ib. d, d^ and which run 
obliquely downward and inward so as to meet their fellows from 
the o])positc side at an acute angle. With such a structure it is 
evident that the nasal prolongation of the proboscidian Pachy- 
derms is able to move in every needful direction, and perform all 
the duties of a lithe and flexible arm. 

In the Horse, the callous roof of the mouth is disposed into 
about sixteen curved ridges, with their convexities forward. 
Many mucous crypts perforate the membrane, above which, as in 
other Ungulates, is a remarkable plexus of veins and nerves. The 
pharynx is cjipacious and communicates with the pair of large sac- 
culi at the ends of the eustachian tubes. The muscle which repre- 
sents the middle constrictor descends from the pterygoid and palate 
bones, along the sides of the pharynx, around which the fibres wind 
obliquely, uniting in the middle line upon its posterior surface, 
where they form a thick muscular layer. The inferior constrictor 
is equally broad and strong, its fleshy fibres taking nearly the 
same direction as they proceed towards the back of the pharynx, 
where they join by a median raphe. In addition to the above, 
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there is a crico-pliaryngeusy arising from. the posterior and inferior 
margin of the cricoid cartilage, whence As fibres extend obliquely 
upwards along the sides of the pharynx. The homologuc of the 
stylo’-pharyngeus is a cylindrical muscle, arising from the stylo- 
hyal, and, running from behind forward upon the sides and upper 
part of the pharynx, mixing its fibres with those of the superior 
constrictor: its action is to raise the commencement of the 
pharyngeal sac, which it at the same time dilates and draws back- 
Avard. There is likewise a small muscle derived from the 
middle part of the stylo-hyal, the fibres of which run backward 
and inward, so as to meet those of the muscle last mentioned. 
Lastly, there are two other muscles, the fibres of which take a 
longitudinal direction. One of these, the pharyngeus proprius^ 
arises from the tendinous middle line that extends from below 


the insertion of the stylo-pharyngei, and is prolonged doAvnward 
along the posterior and lateral walls of the oesophagus: the 
other, the aryt(m()-‘j)1iaryngens, is a small muscular band proceed- 
ing from the back part of each arytenoid cartilage, and running 
down the front of the oesophagus towards the stomach. • 
The mouth of the Ilog-tribe is served by the uprooting modi- 
fication of the upper lip and nose, forming the ^ snout.’ The 
palate is ridged. In the Babyroiissa Vrolik’ found a small pouch 
at the back part of the commencement of the oesophagus : a pair 
of air-sacs continued from the posterior nostrils communicate 
Avith the back part of the pharynx. 



The mouth of the Ruminants is chiefly re- 
markable for the callous pad coA^ering the 
edentulous borders of the premaxillaries, and 
for the number of hard, commonly rctroverted 
papilla), developed from extensive tracts of the 
buccal membrane : those on the inside of the 
loAver lip are large and pointed ; interspersed 
with groups of mucous follicles. Along the 
roof of the mouth they are flattened, and dis- 
posed in parallel transverse rows with retro- 
verted denticulate margins: the papillae usually 
attain their greatest size inside the cheeks, 
opposite the masticating line of the molars. 
Bucgal implllcu of the Hactrian In the Camel they are aggregated and ob- 
tusc, fig. 301. In the Giraffe they are close- 
set, strong, retroverted, pointed, some of them half-an-inch in 



length, and giving off secondary papilla;. In the act of rumi- 
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nation the regurgitated bolus is driven into the mouth with 
great force ; and the use of these papillae as mechanical obsta- 
cles to its escape, and their tendency to confine the soft slimy 
comminuted vegetable substances to the molar region during the 
second mastication, appear to be offices of sufficient importance to 
found upon their presence an argument of adaptation. Neither 
the Hog nor the Horse have such buccal papillae ; but the front 
part of the mouth is closed by teeth both above and below, and 
the food is not regurgitated for the purpose of undergoing a 
lengthened remastication. 

The mouth of the Camel seems formed to save for the animal 
every drop of the fluid excretions of the nose : a channel leads 
from each nostril to the mid-fissure dividing the upper lip, which 
is continued down into the mouth. In the non-division and ex- 
tensibility of the hair-clad upper lip, the Giraffe resembles the 
Elk, but differs widely from that and every other ruminant in the 
elegant tapering form of the muzzle. 

The Giraffe possesses great extensibility, flexibility, and ex- 
traordinary command and power over the movements of its 
tongue, fig. 144 ; its muscles are in number and kind as in other 
Ruminants. The principal difference obtains in the greater ex- 
tent of the organ, anterior to the insertion of the (jenio-f/lossus ; and 
as this free and active part consists entirely of a firm muscular 
tissue, invested by a thin but dense and very closely adhering 
integument, there is a corresponding increase in the bulk of the 
intrinsic as compared with those of the extrinsic muscles. Of 
these the stylo-glossi, which are the principal retractors of the 
free anterior part of the tongue, are relatively stronger than in 
other Ruminants ; they arise by a tendon from near the lower 
extremity of the stylo-hyal, and run forward, below the lateral 
margins of the tongue, to which they are braced by a thin sheet 
of fibres, descending obliquely forward from the sides of the 
linguales to the upper margin of the stylo-glossL The linguaUs 
inferior is a broad thin sheet of muscular fibres which comes off 
from the condensed cellular tissue at the under part of the root 
of the tongue and runs forward parallel with the fibres of tfie 
stglo-glossiy with which it becomes blended anterior to the hgo- 
glossi ; these accessory fibres cross the inner surface of the hyo- 
glossus muscle, which is thus inclosed between the two layers of 
longitudinal retractors. The arteries and veins of the tongue of 
the Giraffe are not connected with a reservoir of blood, or with 
any erectile tissue, as has been alleged.' The movements of the 

' cxiv. p. 85. 
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tongue are due to muscular action. Any physiologist who has 
felt the firm but regulated grasp of the tongue of the Giraffe, 
when twined round the finger, must have recognised the difference 
of the action from the fitful force arising from vascular or erectile 
injection. The muscular fibres in the free and flexible part of the 
tongue present an arrangement adequate to all its movements. 
The stylo-glossi and inferior linguales expand into a layer of 
longitudinal fibres, about a line in thickness, covering the whole 
of the infc’^ior surface of the free portion of the tongue, and 
becoming continuous at the sides, with a coiTcsj)onding but 
thicker stratum of longitudinal fibres on the upper surface of the 
tongue; these longitudinal muscles inclose a mass of fibres, 
which run in the transverse direction. The action of the trans- 
verse, combined with that of several short vertical, fibres near the 
margins, and of those forming the thin circular stratum sur- 
rounding the stglo-glossi at the middle part of the tongue, serves 
to attenuate or diminish the transverse diameter of the tongue 
and increase its length; while thus rigidly extended the apex of 
the tongue can be curved upward or downward by the superficial 
longitudinal fibres, which are less intermingled with the trans- 
verse fibres than in the tongues of most other Mammals ; the 
contraction of the longitudinal fibres taking place with the re- 
laxation of the transverse ones produces the retraction of the 
Avhole organ. The nerves of the tongue present the same dis- 
])Osition as those in ordinary Kuminants, but the ninth pair is 
relatively larger than the branch from the fifth pair; the nerve 
which runs along the inner or under surface of the stglo-glossi 
toward the free extremity of the tongue is remarkable for its 
beautifully wavy course, by wliich it is accommodated to the 
variations which occur in the length of the organ in the livim** 
animal. 

The back of the mouth appears to be as completely closed in 
the Giraffe as in the Ca])ybara ; but, instead of contracting, like 
a funnel, to a small circular depression, it terminates by a 
transverse slit, through which projects the broad upper margin of 
the epiglottis, which is folded upon itself. The faucial membrane 
is coarsely corrugated.' The velum palati descends to the inter- 
space between the epiglottis and the large arytenoid cartilages ; 
and there is an uvular process from the middle of the inferior 
margin. The tonsils are well- developed glands of a flattened 
oval form, having each a short duct communicating by one wide 
opening with the fauces. 


xcvii'. pi. xlii, fig. 3. 
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The back of the mouth, in Euminants, presents its chief modi- 
fications in the Camel-tribe. A broad pendulous flap hangs down 
from the fore part of the soft palate and usually rests upon the dor- 
sum of the tongue. The velum palati extends beyond this process, 
some way dowui the pharynx and terminates by a concave border. 
The pharynx behind the velum dilates into a sac. In the rutting 
male the palatal flap is greatly enlarged. I have found it extend- 
ing ten inches down the pharynx, passing below the margin of the 
soft palate and the opening of the larynx, into the oesophagus : in 
the living animal it is, at this season, occasionally protruded, with 
a belching noise, from the mouth. Its surface shows the pores of 
innumerable mucous crypts, and in the ordinary state, in both 
sexes, tlie flap may apply its own secretion, and water regur- 
gitated from the storage-cells of the stomach, to the extended 
surface of the pharynx and root of the tongue, so as to allay the 
feeling of thirst and help the animal to endure the long I’cmis- 
sions of drinking to which it is liable in traversing the desert. 

The mouth in Carnivora is characterised by the width of its 
gape, and the mobility, dilatability, and contractility of its mus- 
cular and membranous walls. Check-pouclies have not been 
found in any ^)Gcies. The great extent of faucial membrane 
between the back of the tongue and the larynx, with the coex- 
tensive soft ])alate in the Lion and some other large Felines, 
has been adverted to (p. 198); also the I’etro verted spines, ami 
the lytta of the tongue in connection with the work of the mouth, 
in certain Carnivora, In the Ilyiena the tonsils are relatively 
larger than in the Lion. The palatal gum is transversely ridged 
in most Carnivora, The provision for the lubricating mucus at 
the back of the mouth and fauces is much less in the present than 
in the hoofed group of Mammals. 

In Quadrumana the Ccrcopithcci, M<(cacA, and Ctjnoccjdiali 
have check-pouches, the slit-like orifices of Avhich are a little 
within the labial commissure; the cavity extends outside and 
below tlie mandibular rami, where it ’is occ*asionally seen much 
distended Avith food. The Semnopitheci and Colohi, remarkable 
for their large sacculated stomachs, have not such cheek-pouches : 
they are wanting also in Lernuridm, Platyrhines, and tailless 
Apes. • 

The LemuridcB have the palatal gum ridged. In the Aye-aye ' 
there arc three curved transverse ridges anteriorly, convex for- 
ward, folloAved by four transverse pairs of similar ridges. In 
other LemuridcR the palatal ridges arc similarly curved, but 

' cii'. p. 11, pi. xii, fig. 6. 
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usually undivided, from five {Potto) to eight or nine ( Galago) 
in number : between the two anterior ridges are the orifices of 
canals leading from tlie palate to tlie nose. 

The uvula is represented in the Aye-aye and some other Ze- 
muridcB by a medial longitudinal fold from the back of the soft 
palate close to the margin, but does not project so as to divide 
the fauces into two arches : this form of soft palate begins to 
appear in Platyrhines : in the Baboons the uvula is thick and 
short : in the Apes it approaches nearer the proportions of that 
appendage in Man, 

In the higher Quadrumana the palate is smooth, or unridged, 
as in Man. 

§ 224. Salivary Glands . — Fluids of different properties are 
poured into the mouth in aid of its various functions of receiv- 
ing, retaining, comminuting, softening or dissolving, tasting, and 
transmitting throatward, the food. For the preparation of these 
fluids corresponding modifications of glandular parts exist, from the 
simple mucous follicle to aggregates of three or of more complex 
follicles, with further multiplication and compaction of secerning 
surfaces, in groups and bodies, forming glands and ducts with 
definite names. 

As the function of the mouth is simplified so is the condition 
of such ministering glands. In the piscivorous Cetacea^ which 
bolt their food like fishes, the parotids and submaxlllaries are 
not present : the latter are represented with the sublinguals, in 
a diffused form in whalebone whales. The parotids are large in 
Sirenia ; ^ their ducts open in the Manatee on two papillae, one on 
each side the fore part of the palate ; in the Dugong the parotids 
are situated immediately behind the ascending mandibular rami : 
there is a thick layer of mucous glands above the membrane 
covering the hard palate. 

In the Ornithorhynchus tlie parotid, fig. 3, E, is divided into 
flat portions or lobes thinly applied to the fundus of the cheek- 
pouch and anterior to the long meatus auditorius. The sub- 
maxillary, ib. D, is a moderately-sized, oval, compact body, situ- 
ated behind and below the meatus auditorius. The duct passes 
under the omo-mylo-hyoideus, ib. lo, and then, contrary to the 
usual mode, begins to be disposed in a series of about twelve 
close transverse folds, and terminates by a simple aperture at the 
frienum lingua). In the Echidna the subraaxillary gland, fig. 302, 
by is of unusual dimensions: it extends from the meatus audi- 


cxvii". p. 29. 



SALIVARY GLANDS OF MAMMALS. 


S97 


torius along the neck, and upon the anterior part of the thorax ; 
it is a broad, flat, oblong lobulatcd body, narrowest at its anterior 
extremity, from which the wide duct emerges. TV^hen the duct 


302 



Subinaxlllary glands, Echidna sctosa; nat. size. 

has reached the interspace of the lower jaw, it dilates, and then 
divides into eight or ten undulating branches, which subdivide 
and ultimately terminate by numerous orifices upon the mem- 
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branoiis floor of the mouth. This modification of ‘ Wharton’s 
duct ’ appears to he iinicjuc. Tlie large size of the glands and 
the mode in which the secretion is spread over the floor of the 
mouth relate to the lubrification of the long, slender, and exten- 
sible tongue, and to its fitness as an instrument for obtaining the 
insect food of the spiny Monotreme. 

The salivary glands in the carnivorous Dasyures consist of a 
small parotid and a large submaxillary gland on each side. They 
do not agree with the dogs in having the zygomatic glands. The 
submaxllla^y is placed in front of the neck, so that its duct passes 
on the dermal side of the tendon of the biventer maxilhe, and 
terminates half an inch from the symphysis meriti. There is 
a thick row of labial glands along the lower lip. The Opossums 
and Bandicoots present a similar salivary system. In the Pha- 
lungista vulpina there is a sublingual gland on each side of a firm 
texture, about one inch in length and three lines broad ; a 
roundish submaxillary gland about the size of a hazel-nut ; and a 
broad and flat parotid, larger than in the entomophagous or sar- 
cophagous Marsupials. The j)arotid glands are relatively larger 
in the Koala, in wliicli the duct takes the usual course over the 
massetcr and enters the mouth O2)])osite the third true molar, 
counting backwartls. In the Wombat I found the 2)arotid glands 
very thin, situated upon both the outer and inner side of tlie 
broad })osterior 2)ortion of the lower jaw; the duct jiassed directly 
iij) wards and outwards to the insertion of the sterno-cleido-mas- 
toideus ; here it was buried in the cellular substance anterior to 
that muscle, then turned over the ramus of the jaw, and, })iir- 
suing a somewhat tortuous course over the masseter, entered the 
mouth just anterior to the edge of the buccinator. The sub- 
maxillary glands were each about the size of a walnut; their 
ducts terminal ed as usual on each side of the fnenum lingiue. In 
the great Kangaroo the parotid is very large, extending from 
below the auditory meatus three or four inches down the neck : 
In the Potoroos it reaches as far as the clavicle. In both genera 
this gland is separated from the submaxillary gland by the sub- 
maxillary vein. The sublingual glands are elongate, but of mo- 
derate size. The tonsils are small in all the Marsujnals, but are 
not rc})resented in the carnivorous sj)ccies, as in the jflaccntal 
Ferai, by simple glandidar 2>ouches at the sides of the fauces ; for 
cxami^le, they consist of an oblong glandular body on each side 
in the Dasyunts macrurus. 

In Rodents, as in Marsujnals, the proportions of the parotid and 
submaxillary differ accordijig to the nature of the food. In the 
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omnivorous rats with ferine tendencies, the submax illaries are 
ill excess : in most other Rodents which subsist mainly or ex- 
clusively on vegetable products the parotids are the largest. They 
are enormous in the Beaver, extending from befoi-e the ears 
forward and downward to contact ivith the submaxillaries, which 
are about one-twentieth their size ; the whole forming a sort of 
glandular collar : the buccal glands arc numerous. In Leporidcz 
the parotids partly inclose the base of the ear-couch and also 
descend to meet the submaxillaries : the parotid duct ci’osses 
the upper part of the masseter and terminates opposite the last 
u])per molar tooth. The submaxillary duct terminates at the 
side of the frainum linguie: the submaxillaries are thin and 
long: the chief mass of the molar follicles is near the upper 
molars. The submaxillary glands are almost as large as the 
])arotids in the Baca {Co£lofjeru/s)x both glands arc large: the 
latter ])rescnt a compact reddish tissue. There is also a large 
zygomatic salivary gland, which exists, of smaller relative di- 
mensions, in the Guinea-pig (^Aperea), In the Hamster the 
parotids are elongate, narrow, and aj)plied, as in the Ornitho- 
rhynchus, to the back of the cheek-pouches : there is also an 
accessory lobe, beneath the masseter. The submaxillaries are 
large, round, and of a reddish colour. The sublinguals arc small, 
subglobiilar. In Bathyergus the salivary glands arc smaller than 
in most other Rodents. 

Amongst hisectwora the hedgehog is remarkable for a zygo- 
matic gland which seems to be a development of the homologue 
of the ^ molar ’ glands in Marsupials. The parotids are larger 
than the submaxillaries ; but both arc well-developed. The sub- 
lingual follicles are in two series, the larger one next the mandi- 
bular ramus. The myle has large parotids and submaxillaries, 
the former oblong, the latter subdivided into roundish masses : 
the sublingual is placed very near the mandible : there is no 
zygomatic gland. In shrews the maxillary exceeds the parotid 
gland in size : the latter follows tlie auditory meatus in its in- 
ferior position. The same j^roportions hold in the insectivorous 
bats: but in the fruit-eating Ptcropines the parotids are the 
larger glands. 

Great is the diversity of the salivary system in the order Bruta, 
as the difference of food and ways of getting it might indicate. 
The parotids arc somewhat less than the submaxillaries even in 
the phyllophagous Sloths, and arc much the smallest in the in- 
sectivorous families. In the Armadillos the parotid gland is small : 
its duct opens into the mouth near the angle of the lips. The 
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subm^illarjglands are very large, subcervical in position, extend- 
ing from |Jie angle of the jaw to the anterior border of the pectoralis 
303 major, where they meet at 



the middle line, under-lap- 
ping the stemo - hyoidei. 
The gland, fig. 303, c,* is 
lobular, and sends its se- 
cretion by three or four 
short ducts, d, d, into a 
pyriform bladder, e, situ- 
ated at the fore part of the 
gland, from the apex of 
which the duct, J*, is con- 
tinued forward to terminate 
by a minute orifice on the 
sublingual membrane of the 
mouth, immediately behind 
the symphysis menti. The 
saliva which the bladder 
contains is tenacious, the 
serous part being probably 
absorbed during its deten- 
tion. Thus prepared and 
accumulated it is expelled 
at the fore and under part 
of the mouth, in order to 
lubricate the tongue. 

In the great Anteater the 
submaxillary salivary gland 
is a Jt)ilobed body, sixteen 
inches in length, two inches 
in greatest thickness at the 
posterior part where the 


Salivary gland and 1)}addcr, Armadillo. 


two glands blend together.* 


From this confluent base 


they diverge, extending outward and forward, and form, each, a 
flattened triangular mass, from four to five inches in breadth 


' cxxvii". p. 144. The preparations which’ exemplify this modification of the 
salivary system are Nos. 77‘2 l, and m, in xx, vol. i. p. 238 (1831). Prof. Rapp, in 
cxxix". (1843), refers, for this structure, to Winker, Dissert, sistens observationes 
anatomicas de Tatu novemcincto. Tubing, 1826, pp. 10, 11 : Rapp, prases ; who adds: — 
‘ Nachdem Prof. Jtlger, iu Stuttgart, sie schon vorher bomerkt hatte.’ This inaugural 
Thesis I had not seen at the date of viii", and I became aware of its existence only 
through the reference thereto iu Prof. Rapp’s work. 

* viii". pi. 40. 
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and two inches thick posteriorly, and becoming thinner towards 
the outer and anterior border, where the apex is prolonged 
into a slender process. The isthmus, or base of the combined 
glands, overlies the anterior half of the thorax ; the base of each 
lateral lobe is notched by the prominence of the shoulder-joint, 
round which its outer border extends ; the contracting anterior 
])rolongations of the gland pass forward along the sides of the 
neck, external to the sterno-maxillariesi and terminate a little in 
advance of the an^e of the jaw. 

The two packets of ducts, which indicate the essential double- 
ncss of the gland, emerge from the inner and posterior part of 
the lateral lobes, five or six inches in a straight line from the 
posterior border of the isthmus, and nine or ten inches from the 
anterior attenuated extremity of the gland. After a short course, 
the ducts dilate and form a small reservoir on eacdi side ; they 
are here so closely covered and connected by elastic, cellular 
tissue as to seem a single reservoir; they maintain, however; 
tlieir distinctness, and continue, contracted, from each dilatation, 
as three closely united attenuated ducts, which at length unite 
into one long and slender duct. The dilated portion is sur- 
roujided by a compressor muscle "{constrictoj' salivaris). The 
gland is conglomerate, tlie primary lobes being for ilie most 
])art oblong, subcompressed, from about three to nine lines in 
diameter. The closely united ducts, after quitting the reser- 
voir, are continued forward covered by the extraordinarily ex- 
tended mylolnjoideus^ and, after their union, the common duct 
terininatcj^ at the symphysis of the lower jaw. ' 

The parotid gland is small in proportion to the animal : it is 
situated in front and below the root of the ear, is of a triangular 
form, two inches four lines in length, one inch two lines in 
breadth, with the duct continued from the outer side of the an- 
terior apex of the gland, which apex terminates at the posterior 
end of the origin of the masseter muscle. The duct extends for- 
ward along the outside of the masseter near its origin, passes 
along the buccinator near its upper border and beneath the ten- 
dons of three of the retractors of the mouth, then dips under the 
orbicularis oris, and terminates near the opening of the mouth. 
The length of the duct is eleven inches, its diameter scarcely 
half a line. This is perhaps the longest duct, in proportion to 
the size of the gland, in the animal kingdom : as the submaxillary 
is the largest gland outside a visceral cavity in the vertebrate 
series. The depressor auris, which arises from the angle of the 
jaw, i)erforates the parotid gland. A chain of lymphatic glands 
VOL. II r. D D 
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is continued backward from beneath the parotid on the side of 
the neck. 

The representative of the ^ sublingual gland ’ forms a thin layer^ 
divided for the most part into narrow elongated lobes or groups 
of follicles, attached to and spread over the inferior buccal mem- 
brane for an extent of twelve inches : the greatest breadth of this 
layer is two and a half inches, and is opposite the angle of the jaw. 

There is a small elongated ‘ labial gland,’ lying upon the fore 
part of the buccinator, near its lower border, and sending its 
secretion into the side of the fore part of the mouth ; apparently 
to lubricate that contracted aperture during the frequent and 
rapid jjrotrusivc and retractile movements of the tongue. The 
‘ buccal glands’ form a very extensive but extremely thin stratum 
of muco-glandular follicles, closely attached to the thin membrane 
of the mouth ; they are chiefly developed at the lower and lateral 
parts, and along the middle of the upper surface of that pai’t of 
the mouth which is prolonged backward, below the similarly pro- 
longed nasal canal, beyond the bony palate. These glands ter- 
minate by innumerable very minute orifices upon the smooth 
inner surface of the buccal membrane, which they serve to lubri- 
cate. They are continuous with the better-marked series of 
follicles extending along the sides of the under surface of the 
mouth, beneath the lower jaw, which represent the ^sublingualcs.’ 
But the glands that pour out the abundant viscid secretion which 
lubricates the tongue and is mainly subservient to its peculiar 
prehensile function in the Great Anteater, are those conjoined or 
interblended pair that answer to the subinaxillary salivary glands 
in other animals ; which glands are most modified and developed, 
for a like function, in other species of Myrmecopliaga^ and, as we 
have seen, in the Armadillos (^Dasypus), and in the Echidna. 

In the little scansorial Myrniccopliaya didactyla, the homologues 
of the submaxillary glands are subcervical and blended together, 
as in the larger species ; and a slender process is continued from 
them to the labial gland. The duct commences by three tubes 
continued on each side from the main body of the gland ; and 
these tubes dilate into a small reservoir, provided with a com- 
j)rcssor muscle, before the long and slender single duct is continued, 
covered by the mylohyoideus> to the symphysis of the jaw. The 
parotid gland is of very small relative size ; and this striking 
difference in the proportions of the two chief salivary glands 
indicates the difference in their functions and in the quality of 
their respective secretions. The labial glands are relatively 
larger in the Myrmecophaya didactyla than in the Myrmecojdiaya 
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juhata ; and there is a superadded aggregate of mucous follicles 
behind the eyeball, in the shallow orbit of the smaller species, the 
secretion of which enters near the angle of the mouth. 

In the Hyrax the parotid exceeds the submaxillary in size, 
and is of a redder colour : the sublingual is almost as large as 
the latter. In the Horse the parotid forms a considerable mass 
extending from its normal position behind the masseter, upward 
to the ear-conch, the base of which it embraces, and downward to 
the larynx, where it meets its fellow. Three ducts quit the mass 
at different points of its lower half, converge and unite as they 
])ass downward and forward ; the common duct, which curves 
down beneath the lower border of the masseter, rises in front of 
that muscle to pierce the buccal membrane at a papilla opposite 
the last up])er preinolar. The submaxillaries are about one-fourth 
the size of the parotids, by which they are covered : the gland 
extends from the transverse process of the atlas to the angle of 
the jaw. The duct terminates on a valvular pa])illa anterior to 
the fnenum linguic. The sublingual glands, beneath the sides of 
the fnenum, are elongate, as large as the submaxillary, and 
communicate with the mouth by several orifices. The buccal 
glands form large tracts of lenticular follicles along the upj)er 
maxillary bone, ascending to beneath the zygoma. 

In the Ilog-tribe the parotids have a large proportional size : 
the duct follows the lower border of the masseter, curves upward, 
and opens into the mouth opposite the last premolar : there is a 
small patch of buccal glands near its termination. In the Baby- 
roussa and Wart-hog the parotid extends from its normal position, 
downward and backward, to the shoulder-joint and, mesiad, to the 
stcrno-thyiK)ids : resembling in size, shape, and proportion, the 
siibm axillary of the Armadillo: its duct crosses the upper part 
of the masseter. As in the Hog, there are two sublingual 
glands ; one, which is very long and narrow, accompanies the 
duct of the submaxillary gland, and is composed of small lobes of 
a pale reddish colour ; the orifice of its excretory duct is near 
that o^ the maxillary. The second sublingual gland is placed in 
front of the former, and is of a square form; it discharges its 
secretion through eight or ten short ducts, which pierce the 
mucous membrane of the mouth. Dr. Ward has given an illus- 
tration, fig. 304, from a preparation by Quekett, of the distri- 
bution of the capillaries in the parotid of a Pig. The arteries 
penetrate the areolar tissue at different points of the surface, and 
are conducted, as it were, by this tissue through the interlobular 
spaces as far as the primary aggregations of the vesicles, where 

D D 2 
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tVvey form a neWorli, wfocli is distributed over the elementary 
parts of the gland. 

The parotids are lai’gc in all Ruminants. In the Ox the parotid 
is vertically extended behind the long ascending mandibular ra- 
mus from the lower border 
of the ear-concli to the 
angle : the duct, as in the 
Horse and Hog, follows the 
lower contour of the mas- 
Hcter, and penetrates the 
mouth opposite the first 
upper true molar. 

The submaxillary lies be- 
hind and upon the angle oT 
the jaw: it is relatively 
larger than in the horse ; its 
duct traverses the sublin- 
gual gland in passing to 
its termination below the 
fringed fore part of the 
frajnum. In the Giraffe its 

of Parotid of Pig, rnagn. exxv". . . . , 

ojienmg is similarly pro- 
tected by a small valvidar papillose fold. There are three small 
elongate masses of buccal glands, over the alveoli of both upper 
and lower molar series : opening upon the angle of reflection of 
the gum-membrane upon the cheeks or lips. 

In the Carnivorous order the salivary system is least developed 
ill the Seal-tribe : they have the parotid cither very small or 
Avanting : and have no zygomatic glands. In the IJog the pa- 
I’otid, fig. .*105, rt, is comparatively small, flat externally, with 
the duct continued from near the lower end, and traversing the 
masseter, in an almost straight course, at an equal distance from 
tl.3 upjier and loAvcr borders of the muscle : it terminates opposite 
^be upper carnassial, ib. h. The submaxillary, ib. c, is a large 
globose gland, beneath and partly covered by the parotid i)ehind 
the angle of the jaw; its duct terminates at cV , The sublingual, 
ib. c, is more posteriorly placed than in Ungulates, and is in 
contact with the submaxillary, of which it seems an accessory 
lobe : its duct, /, has a similar termination at the fore part of 
the fra)num lingiue. The zygomatic gland, ib. seems to be a 
special development of part of the buccal system : its duct, A, 
terminates behind that of the parotid, opposite the interval be- 
tween the penultimate and last molars. The parotid is relatively 
larger in the Cat, and more so in the Bear-tribe. 
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In the Ayc-aye the parotid, of a sub triangular flattened fcain, 
extends from its usual position to beneatli the mandible where it 
is in contact with the submaxillary gland. The duct leaves the 
parotid about three lines above the lower margin of the mandible. 



Salivary glands of Dog. iv". 


crosses the massctcr, and penetrates the buccal membrane close to 
the angle of the mouth. The submaxillary is smaller, thicker, 
more globose ami compact in texture.^ These forms and jiropor- 
tions of the two main salivary glands obtain in all Lemuridat ; in 
Stcjiops the authors of cxxiv" describe and figure^ the ducts of 
the subinaxillarics as uniting, beneath the middle of* the tongue, 
into a common duct which passes backward to terminate \ipon 
the mucous membrane of the mouth a little above the hyoid. 
In the Potto the submaxillary ducts open in the usual position, 
upon the free margin of the sublingual. In the higher Quad- 
rumana the salivary system accords, in the main, with that in 
Man. The situation of the subniaxillary agrees with the name of 
the gland. The buccal follicles are more numerous in the cheek- 
pouched monkeys, and the parotids are relatively larger in the 
more exclusive vegetarians. 

The human parotid is a depressed, three-sided pyramid: its 
base forms the exterior surface, and the apex sinks deep to the 
stylo-hyal and its muscles, penetrating between them and the 
internal pterygoid muscle, as far as the pharynx. A dense fascia 
separates it from the subinaxillary : that which covers its base is 
called ^ parotid fascia : ’ and the gland is attached by similar 
tissue, posteriorly, to the cartilage of the meatus auditorius. A 
portion of the gland which extends from the part overlapping 

* p. 52, pi. I, fig. 5. 


* cii'. p. 43. 
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the masscter, forward below the zygoma, is called ^socia pa- 
rotidis ; ’ and in some cases it sends its secretion by one or two 
small tributary canals into the main duct. This crosses the 
inassetcr, perforates the buccinator, glides between that muscle 
and the mucous membrane of the mouth, which it finally per- 
forates opposite the penultimate upper molar, m 2. The parotid 
dci-ives its arterial su])ply from the cctocarotid, directly and 
through the medium of branches ; the disposition of the terminal 
ca])illaries resembles that shown in fig. 304. The nerves arc 
derived from the facial, the anterior auricular, and the ex- 
ternal carotid plexus. The submaxillary gland, much smaller 
than the parotid and larger than the sublingual, is situated in 
the anterior portion of the digastric space. It is irregularly ob- 
long in form, and is enclosed in a loose investment of areolar 
tissue more delicate than that covering the parotid. Its long 
axis is directed from before backward, and is about an inch and 
a half in extent. Its external or maxillary surfiice is slightly 
concave, is lodged in a groove in the bone, and is in immediate 
contact with the myloJiyoid nerve. The anterior extremity is 
the smallest, and from the part represented by the confluence of 
the inner and outer surfaces above, generally proceeds a process, 
longer than the gland itself, and j)assing along the u])per surface 
of the mylo-hyoid muscle in company with the excretory duct, 
but above it, as far as the sublingual gland in front, with which 
it is occasionally incorporated. This ])rocess may be regarded as 
analogous t(t the accessory gland of the parotid, and like it varies 
considerably in size and relation to the body of the gland. A 
quarter of an inch below the base of the process appears the com- 
mencement of the excretory duct. It accompanies the gustatory 
nerve toward the tip of the tongue between the sublingual gland 
and tlie genio-hyo-glossus muscle to the side of the frtenum 
linguae : in the terminal part of its course it is directed forward 
and inward, fig. 306, h, lies immediately beneath the mucous 
membrane, and opens by a very narrow orifice into the mouth, 
in the centre of a papilla of mucous membrane which projects 
from the side of the fra3num. The duct is about two inches in 
length, its coats are more delicate and extensible than those of 
the parotid. Its calibre exceeds that of the parotid duct, and, 
like it, its narrowest portion is that immediately beneath the 
mucous membrane, and this gradually contracts more and more, 
so that the terminal orifice becomes so small as scarcely to be 
visible by the naked eye. The primary lobes of the submaxillary 
gland arc much larger than those of the i)arotid, and the lobules 
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have an irregularly triangular arrangement. The arteries and 
veins that supply the submaxillary gland, are derived from the 
facial and lingual. The nerves are from the mylo-hyoid branch 
of the dental, and the gus- 
tatory, but chiefly from the 
submaxillary ganglion. 

Tlie sublingual gland 
forms a distinct eminence 
underneath the anterior 
j^art of the tongue by the 
side of the froenum. Its 
shape and position are 
shown in fig. 305, c, c : its 
lobules are smaller, firmer, 
and more distinct than those 
of either the parotid or max- 
illary : its ducts are nume- 
rous, their orifices conspi- 

, - ^ „ .sublinRual glatids, Iluniaii, nat. size. (7xxv". 

cuous along the ridge oi 

mucous membrane behind the terminal papilla of the duc^t 
of the submaxillary. Occasionally one duct is longer and 
larger than the rest ; it is named, after the anatomist who first 
drew attention to it, ^ Bartholin’s duct,’ fig. 306, a. For a like 
reason, Anthropotomy calls the duct of the submaxillary, ib. 

^ Wharton’s,’ that of the parotid ^ Steno’s,’ and the short ducts of 
the sublingual ^ Bivinus’s.’ The secretion of the latter gland is 
more viscid thai^ true saliva : and it may be considered as the 
best defined of the subsidiary glands of the salivary system. The 
liosterior part of the sublingual is occasionally reiDresented by one 
or more distinct glands in juxtaposition, each furnished with a 
veiy short excretory duct. The anterior lingual glands, fig. 307, 
arc situate below the apex of the tongue, between the lower long! - 
tudinal and transverse muscular fibres, and emit their secretion 
during the movements of that organ upon the mucous membrane 
beneath the tip, by delicate ducts indicated by bristles in the figure. 

The labial glands form a series of closely packed small, dense, 
spheroidal crypts, situated in the areolar tissue between the 
mucous membrane of the mouth and the oi’bicularis oris muscle ; 
their excretory ducts open upon the posterior or free surface of 
the labial mucous membrane. They are not visible to the eye 
when the lips are in their natural lax position, but when the 
latter are everted, they appear as prominences upon the tense 
mucous membrane. 
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The buccal arc smaller than the labial glands, but resemble 
them in form and position, being irregularly spheroidal, and 
placed between the buccinator and mucous membrane; they open 
by the orifices of distinct ducts upon the free surface of the latter. 
The molar glands are jdaced between the buccinator and masseter 
muscles. They arc larger and more dense than the buccal, 
being composed of several lobes. The ducts open upon the 
mucous membrane at the posterior ])art of the cheek. The pala- 
tine glands are very numerous and small, and situated partly 
between the mucous membrane and the palatine arch, and partly 
between the mucous and muscular layers of the soft jialatc. 
The former arc situated on either side of the median line, and 
form a thick layer, being more closely aggregated together in the 
front and behind than in the middle, opening on to the mucous 
membrane by distinct orifices. The latter, smaller than the 
former, exist both on the upper and lower surface of the velum, 
and are continuous below, where they arc more numerous than 
above, with the glands of the hard palate. The aggregate follicles 
opening near the fossulatc papillas at the back part of the tongue 
are sometimes specified as the ^ posterior lingual glands.’ Like 
the other subsidiary glands their secretion is more mucous and 
lubricating than solvent : and the homologues of most of these 
glands ax*e maximised in 
herbivorous Mammals in 
relation to the movements 
and mastication of their 
coarse vegetable food. 

The diversion of the paro- 
tid secretion from the mouth 
of a horse, during mastica- 
tion of oats, was followed 
by dryness of the interior 
of the bolus and an exte- 
rior envelope of tenacious mucus, which was as abundant as be- 
fore the division of Steno’s ducts ; the experiment * indicating 
that the secretion of the parotid is of the more fluid saliva which 
moistens, in ordinary mastication, the whole mass ; and that the sub- 
maxillary and subling^jj^, like the more diffused tributary glands, 
provide the secretion oi the slimy lubricating saliva. Further 
experiments showed.% that the flows from the parotid, sub- 
maxillary and sublingual glands arc respectively regulated by 
conditions special to each. Thus, the quantity of saliva secreted 

* cxxvi". 2 Ib. 
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by the parotid of a horse is in direct ratio to the dryness of 
the food and the difficulty experienced in its mechanical division. 
The mastication of straw and hay causes a greater flow than does 
that of oats and farinaceous matters ; the mastication of moist 
forms of food hardly excites any. The saliva from the sublingual 
and submaxillary ducts flows nearly in equal abundance whether 
mastication be exerted on dry or moist forms of food ; and, owing 
to its comparative tenacity, it is not easily imbibed into the centre 
of the masticated material, but is gathered round the surface of 
the mass, thus fevouring its j^assage along the alimentary canal. 

The comparative anatomy of the salivary system sujiports the 
conclusions of experimental physiology : thus, the parotids are re- 
latively largest in mammals that masticate most ; the submaxil- 
laries are largest in those that need the greatest amount of viscid 
lubricating secretion. In the anteaters, hairy or spiny, the 
])arotid is so small as to have escaped the notice of Cuvier and 
Jiis continuators : ^ the submaxillary attains its maximum of size. 
In many long-tongued Edentates {Myrmeco'plinxja and Dasypus) 
a bladder is superadded to the submaxillary gland both for storage 
of a quantity of secretion needed in a sudden excess of outflow, 
and also for adding to the tenacity of the secretion so poured out 
to lubricate the tongue. In Echidna the end is gained by sub- 
division with enlargement of Wharton’s ducts. 

Most analyses of saliva have been made on that from the hiinvin 
mouth which is the combination of the secretions of the various 
glands above described. The jDeculiar animal principle called 
^ ptyalin’ is a nearly solid matter, adhesive, of a yellowish colour : 
it is neither acid nor alkaline, is readily soluble in ether, alcohol, 
and essential oils, but more sparingly soluble in water. It appears 
to give the peculiar odour to saliva ; when pure it may be kept long 
at a moderate temperature without undergoing decomposition. 

Dr. Wright’s analysis of Iiuman saliva * is as follows : — 


Water 988-1 

Ptyalin P8 

Fatty acid -rj 

Cliloridcs ot potassium and ..... 1*1 

Allnnnen combined with 

Phosphate of lime . . . *6 

Albuminate of soda . *8 

Lactates of potash and swla . . •' • • '7 

Sulphocyanido of potassium . . . . . . *9 

8oda *5 

Mucus, with some ptyalin . . , . . . 2*6 

' ‘ Loraqu’il n’y a point do parotides, comme cehi a lieu dans VecMdne ct lo Jonnni- 
licry la proportion dcs maxillairos augmente consid^rabl^nient.* xii. vol. iv. p. 4-1. 

* cxx". p. 417. 
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Pure saliva obtained from the parotids and submaxillaries of a 
dog, and from the parotids of a horse, is incompetent to effect the 
saccharine transformation of starch : but tlie secretion of the 
mucous and subsidiaiy glands of the mouth reacts upon either 
starch or sugar in the way of producing lactic acid. 

§ 225. Alimmtary canal, I jij encephala, — In the Ornltho- 
rhynchus the oesophagus becomes slightly dilated near the dia- 
phragm, extends a little way into the abdomen, and expands into 
oQs a moderate-sized membranous 



LXX 


stomach, fig. .308, t, which is 
chiefly remarkable for the close 
approximation of the cardiac and 
jiyloric orifices. The intestinal 
canal is moderately wide, five feet 
tlmee inches and a half in length, 
and provided, at a distance of 
four feet three inches from the, 
pylorus, with a small and slen- 
der cajcum, ib. w. The small 
intestines are chiefly remarkable 
for the extent of the mucous 
coat, which is disposed in nume- 
rous folds or valvulnc conniventes: 
these are transverse at the be- 
ginning of the duodenum, but are 
placed more or less obliquely in 
the rest of the small intestine; 
they are about two lines broad, 
are close together in the duode- 
num, but diminish in breadth 
and number as they approach the 
cajcum coli. There are about 
fifteen longitudinal folds in the 
first half of the colon ; the re- 
mainder of the intestine has a 
smooth inner surface. There is 
no valvula coli. The rectum, 
ib, z, terminates at the anterior 
and dorsal part of the vestibular 
compartment of the cloaca. 

As the food undergoes less 


comminution in the mouth of the Ecliidna than in that of the 


Ornithorhynchus, the pharynx and ccsophagus arc wider, and a 
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dense ej)Itlieliiim lines the inner surface of the latter tube : it is 
continued over tlic capacious stomach to the pylorus, near which 
orifice it is developed into numerous horny and sharp papilla3. The 
subjacent mucous membrane is smooth ; the tunics of the stomach 
are thin, to near the pylorus, where the muscular coat assumes 
something of tlie gizzard-character, and the inner coat forms a pro- 
minent protuberance in the duodenum. The intestinal canal of 
the Echidna is seven times the length of the body; the mucous 
membrane is not raised into valvular folds; a small vermiform 
and glandular cajcum divides the small from the large intestines; 
the rectum terminates as in the Ornithorhynchus. 

The various modes of locomotion, resulting from the different 
modifications of the osseous and muscular systems observable in 
the several families of Marsupialia^ relate to the acquisition of 
as various kinds of alimentary substances, which necessarily re- 
quire for their assimilation as many adaptations of the digestive 
organs. Food — means of obtaining it — instruments for preparing 
and mechanically dividing it— cavities, canals, and glands for 
chemically reducing and animalising it — form a closely connected 
chain of relationships and interdependencies. The preparatory 
instruments have been described in previous sections. In all 
Marsupials the msophagus in passing through the chest recedes 
from the spine as it approaches the diaphragm, and is loosely 
connected with the bodies of the dorsal vertebra? by a broad 
duplicature of the posterior mediastinum. In the Phalangers the 
oeso])hagus terminates in the stomach almost as soon as it has 
])icrced the diaphragm ; in the Opossums it is continued some way 
into the abdomen ; in the Didelphys virginiaiia^ for example, for 
the extent of an inch and a half; in Did, brachyura^ for half an 
inej^. In the Kangaroos the abdominal portion of the msophagus 
is of still greater extent ; I have observed it five inches long in a 
male Macropus major. 

The inner surface of the msophagus is generally smooth, or dis- 
])oscd in fine longitudinal plaits ; but in the Virginian Opossum the 
tci’inlnal part of the oesophagus presents many transverse folds of 
the lining membrane analogous to, but relatively Larger than, 
those in the Lion and other Felines, I have not met with a like 
structure in the Phalangers, nor in any other genus of Marsin)ials; 
what is more remarkable is that the transverse ocsoidiageal riigie 
are not developed in the carnivorous Dasyures or Phascoynlcs, 
where analogy would lead one to expect them, rather than in the 
insectivorous Opossums. 

The stomach presents three leading modifications of structure 
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in the ^larsupialla; it is either simple, as in the Zoophagons, 
EiUtoinophagous, and Carpophagous tribes ; or is ju’ovidcd with a 
cardiac glandular apparatus, as in the Koala and AVombat; or is 
complicated by sacculi, as in the Poephagans. 

It might haYC been expected that the stomach Avonld have ex- 
hibited some modifications in the development of the left or 
cardiac extremity corresponding Avith the differences of food and 
dentition observable in the large proportion of the Marsupial 
order, in which this viscus presents its simple condition ; but this 
is not the case : the form of the stomach is essentially the same 
in the carnivorous Dasyure, the insectivorous Bandicoot, and the 
leaf-eating Plialangers, It presents a full, round, ovate, or sid)- 
triangular figure, Avith the right extremity projecting beyond and 
l)elow the pylorus ; the longitudinal diameter seldom exceeds the 
vertical or transverse by more than one-third ; often, as in Fkaa- 

cogale and Dasi/urus viverrmus, 
by only one-fourth of its own ex- 
tent ; and the oesophagus enters at 
the middle of the lesser curvature, 
or sometimes nearer the pylorus, 
but always leaves a large hemi- 
spherical cul-de-sac on the left 
side. Daubenton ' has given illus- 
trations of this characteristic form 
of the stomach in different sj)ecies 
of Didelphys ; it is here figured as 
it exists in the Phascoyale, fig. 309 . 
The stomach is relatively much 
more capacious in the carnivorous 
Marsupials than in the carnivo^us 
Placentals, Some slight modifica- 
tions occur in the disposition of the 
lining membrane ; in the Phasco- 
gale a series of very thick rugie 
radiate from the middle of the 
upper part of the ca5cal end of the 
stomach, some of which were con- 
tinued along the lesser curvature 
to the pylorus. In the Perametes 
nasnta the internal surface of the left cul-de-sac is smooth ; the 
right half of the stomach has rugae, running chiefly in a longitu- 
dinal direction, and particularly numerous towards the pylorus. 


309 



Aliuicntary canal, I’liaproKak* navipcs. 


* cxxij", tom. X, pi. 48, fig. 1. 
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Tlie stomach in the Wombat and Koala docs not materially 
differ in external figure from that of the above-cited Marsupials ; 
the oesophagus terminates nearly midway between the right and 
left extremities, but further from the pylorus in the Wombat 
than in the Koala. The conglomerate gasti’ic gland is of a flat- 
tened ovate form, relatively 
larger in the ^ombat than 

are scattered irregularl y ; ,,, , . , 

^ ’ Btoinaclj of tlic WoiiilMt, {iivcrtod. 

in the Wombat they are 

about thirty in number, and the bottoms of the larger depressions 
are subdivided into smaller cells. In the partially contracted 
state the inner membrane of the stomach of the Wombat is dis- 
posed in longitudinal rugie, 
which gradually subside to- 
wards the pylorus ; but 
when the stomach is dis- 
tended these folds disap- 
pear, and the left extremity 
presents a full globidar 
form. 

The sacculated stomach 
of the Kangaroo, which j 
olfers the extreme modifica- 
tion of this organ in the 
Marsupial order, resembles 

■ 11 . 1 i 1 • • i stomach of the Kangaroo. 

tlic human colon both in its 



stomach of the Kangaroo. 


longitudinal extent, structure, and disposition in the abdomen. 
In a full-grown female Kangaroo {Macropus major) I found 
the abdominal oesophagus, fig. 311, «, four inches long, and ter- 
minating at six inches distance from the left extremity of the 
stomach : this was folded forward and to the riglit in front of 
the oesophagus ; from the basis of the left cul-de-sac the stomach 
continued to exi)and, and descended into the left lumbar and 
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iliac regions, whence it stretched upward and to the right side 
obliquely across the abdomen, to the right hypochondrium, Avliere 
it became contracted and finally bent downward and backward 
to terminate in the duodenum. The whole length of the stomach, 
following its curvatures, was three feet six inches, equalling that 
of the animal itself from the muzzle to the vent. 

The cavity may be regarded as consisting of a left, a middle, 
and a right or j)yloric division. The left extremity of the 
stomach is bifid, and terminates * in two round cul-de-sacs. The 
sacciili of the stomach are produced, like those of the colon, by 
three narrow longitudinal bands of muscular fibres, which gradu* 
ally disappear, together with the sacculi at the j)yloric division. 
One of the longitudinal bands runs along the greater curvature, 
at the line of attachment of the gastro-colic omentum ; the others 
commence at the base of the left terminal pouches, and run, one 
along the anterior, the other along the posterior side of the sto- 
mach : the interspace, between these bands, forming the lesser 
curvature of the stomach, is not sacculated. The largest of the 
two terminal sacculi, dy fig. 310, is lined with an insulated i[)atch 
of vascular mucous membrane, which is continued for the extent 
of five inches into the cardiac cavity ; the thick epithelium is 
continued from the oesophagus in one direction into the nearest 
and smallest sacculus, c, and extends in a sharp-pointed form for a 
considerable distance in the opposite direction into a series of 
sacculi in the middle compartment of the stomach, ib. e : this 
epithelium is quite smooth. The vascular mucous surface re- 
commences by a point at the great curvature, near the beginning 
of the middle compartment, and gradually expands until it forms 
the lining of the whole inner surface of the right half of the 
stomach. Three rows of clusters of mucous follicles, ib. 
arc developed in the mucous membrane of the pyloric half of the 
middle compartment; they are placed parallel with the longi- 
tudinnl muscular bands : about fifteen patches arc situated along 
the greater curvature, and there are nine in each of the anterior 
and posterior rows. These glandular patches disappear alto- 
gether in the pyloric compartment of the stomach, where the 
lining membrane is thickened, and finely corrugated ; but imme- 
diately beyond the pylorus there is a circular mucous gland 
three-Fourths of an inch broad : the non-sacculated pyloric divi- 
sion of the stomach was five inches in length. 

In the smaller species of Kangaroo the stomach is less compli- 
cated than in the Macropus major; the number of sacculi is 
fewer : in Macropus parriji^ e. g., the third longitudinal band at 
the great curvature of the stomach is almost obsolete : in the 
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Briish«tailed or Rock Kangaroo (^Macropus penicillatus) the car- 
diac extremity terminates in a single subclavate cul-de-sac: the 
(esophagus opens into the middle division of the stomach, close 
to the produced crescentic fold which separates it from the cardiac 
compartment. In the great Kangaroo a second slighter fold is 
continued from the right side of the cardiac orifice parallel with 
tlie preceding, and forming with it a canal, somewhat analogous 
to that in the true ruminating stomachs, and along which fluids, 
or solid food not requiring pr(?vious preparation in the cardiac 
(cavity, might be conducted into the middle compartment. 

I have more than once observed the act of rumination in the 
Kangaroos kept in the vivarium of the Zoological Society. It 
does not take place while they arc recumbent, but when the 
animal is erect upon the tripod of thc^hind legs and tail. The 
abdominal muscles are in violent action for a few seconds, the 
head is then a little depressed, and the cud is masticated by a 
rapid rotatory motion of the jaws. This act is by no means re- 
peated in the Kangaroos with the same frequency or regularity 
as in the true Ruminants. A fact may, however, be noticed as an 
additional analogy between them ; balls of hair, cemented by 
mucus, ad pressed and arranged in the same direction, arc occa- 
sionally formed in the stomach, of which I have met with two, 
of an oval shape, in the Macropus parryL 

In the genus Ilypsipi'ymnus the stomacJi is as singularly com- 
])licatcd as in the Kangaroos, and the complication is essentially 
the same in both ; arising from the sacculation of the parietes of 
a very long canal by a partial disposition of shorter bands of 
longitudinal fibres ; but in the Potoroos this sacculation is con- 
fined to that part of the stomach which lies to the left of the 
cesophagus, while the right division of the cavity has the ordinary 
form and structure of the pyloric moiety of a simple stomach. 
The left or cardiac division is enormously developed ; in relative 
proportion, indeed, it is surpassed only by the true ruminant 
stomachs, in which both the rumen and reticulum are expansions 
of the corresponding or cardiac moiety of the stomach. The re- 
lation of the stomach of a Potoroo to that of a Kangaroo may be 
concisely expressed by stating that the termination of the oeso- 
idiagus in the former is removed from the commencement, or left, 
of the middle sacculated compartment to its termination. 

When fluid is injected into the stomach of a dead Potoroo, it 
distends first the pyloric division ; it is pi-obably by a kind of 
antiperistaltic action that the aliment is pro23elled into the Jong 
sacculated ciccurn to the left of the (esophagus. 

Having seen that, with the exception of the l^otoroos and Kan- 
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garoos, the stomach is simple in the Marsupialia^ presenting only 
some additional mucous glands in the Koala and Wombat, it is 
to the succeeding parts of the alimentary canal that we have to 
look for those modifications which should correspond with a vege- 
table, a mixed, or an animal diet; and never perhaps was a 
physiological problem more clearly illustrated by comparative 
anatomy than is the use of the ca3cum coli by the varying con- 
ditions wJiich it presents in the present group of Mammalia. 

In the most purely carnivorofis group of the Marsupial order 
the stomach presents in the magnitude of the left cul-de-sac a 
structure better adapted for the retention of food than we find in 
the stomachs of the corresponding group in the placental series. 
In the most strictly carnivorous Fercn^ as the cat-tribe, there is a 
ciecum, though it is simple and short; but in the Marsupial 
Sarcophaga^ this part is entirely wanting, and the intestinal canal, 
short and wide, is continued, like the intestine of a reptile, along 
the margin of a single and simple mesentery from the ])ylorus to 
the rectum. The jejunum, in the Thylacine, has a diameter of 
two inches and a half. 

In the entomophagous' Marsupials, some of which arc suspected 
with reason to have a mixed diet, the intestinal canal is relatively 
longer; the distinction of small and large intestine is established; 
and the latter division commences with a simple, moderate-sized, 
subclavatc cascum, fig. 312. 

In the carpophagous^ Phalangers, whose stomach resembles that 
of the predatory Dasyure, the compensation is made by a longer 
intestine, but principally by the extraordinary length of the 
coccum, which in some species is twdee that of the body itself. 

312 313 311 



Cicrura of tlic Opossum. 

Lastly, in the Koala, 
which is, perhaps, a more 
strictly vegetable feeder 
than the Petaurists or 
Phalangers, the caecum, 

313, is more than Ca'cum of the Kaola. Cii'c.iim of ihe Kangaroo. 

tlirce times the length of the animal, and its essential part, 

* i.xxiv' iind r.xxx', p. 330. 
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the inner secreting membrane, is further augmented by about 
a dozen longitudinal parallel, or nearly parallel, plaits, which 
are continued from the colon three-fourths of the way towards 
the blind extremity. When we reflect that the Sloth, which has 
the same diet and corresponding habits with the Koala, has 
a singularly complicated stomach, but no caecum, the vicarious 
office of this lower blind production of the digestive tube as a 
subsidiary stomach is still more strikingly exemplified. In the 
Marsupials with sacculated stomachs the caecum 
coli is comparatively short and simple. In the 
Potoroos, which scratch up the soil in search of 
larvae and farinaceous roots, it is shorter than in 
the great Kangaroos which browze on grass. 

There is a slight tendency to sacculation at the 
commencement of the caecum in the latter Mar- 
supials, by the development of two longitudinal Ca?cinn of the 
bands, fig. 314. In the Wombat the caecum is 
extremely short, but wide ; it is remarkable for being provided 
with a vermiform appendage, fig. 315. In this animal, how- 
ever, the colon is relatively longer, larger, and it is puckered 
up into sacculi by two broad longitudinal bands. In the speci- 
men dissected by me, one of these sacculi was so much longer 
than the rest as to almost merit special notice as a second csccum. 

The most interesting peculiarity which the Zoophagous Mar- 
supials exhibit in the disposition of their simple intestinal canal, 
consists in its being suspended from the very commencement of 
the duodenum on a simple and continuous mesentery, like the 
intestine of a carnivorous reptile. The duodenum makes the 
ordinary fold on the right side, but it is not tied to the spine at 
its termination; the commencement of the jejunum may, however, 
be distinguished by a slight twist of the mesentery, and a fold of 
peritoneum is continued from the lowest curve of the loop of the 
duodenum to the right iliac region, as in the Kangaroos. The 
intestine is a little narrower at its middle part than at its two 
extremes ; the tunics increase in thickness towards the rectum. 
There is a zone of glands at the commencement of the duodenum. 

In the Entomophagans ^ the duodenum is tightly connected to 
the spine, where it crosses to be continued into the jejunum : from 
this part the mesentery is continued uninterruptedly along the 
small intestines and colon to the rectum ; so that although the 
caecum is generally found on the right side, its connections are 
sufficiently loose to admit of a change of position. In the Carpo- 

* See Lxxiv', for characters of these families of Marsupialia. 
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pliagaiis ^ tlie pygmy Petaurist (Acrobates) shows the duodenum 
attached to the spine as in the opossums, but it is not tied 
down to the right iliac region by a fold of peritoneum continued 
from the convexity of its depending curve. The caecum is dis- 
posed in a spiral curve in the left lumbar region ; the colon 
ascends a little way in front of the stomach, receiving a branch 
of the superior mesenteric artery, and is then continued straight 
down to the anus ; again exemplifying the oviparous character by 
the shortness of the large intestine. In the I^et, ta^uanoides the 
duodenum is tied down to the iliac region, as in the Dasyure ; 
the caecum is four inches long, and the colon is relatively longer 
than in Acrohates ; it makes the tour of the abdomen much as in 
Man, but is continued into the rectum without forming a sigmoid 
flexure. In the Phalangers the duodenum winds round the root 
of the mesentery, descending pretty low down on the right side, 
and becoming a loose intestine or jejunum on the left side. The 
long cajcum is suspended by a broad duplicature of peritoneum 
continued from the mesocolon ; and the colon is closely attached 
at its transverse arch to the duodenum and root of the mesentery. 
In the Koala the caecum and large intestines arrive at their 
maximum of development. The duodenum commences with a 

small pyriform sacculus 
nearly an inch in breadth, 
and soon contracts to a 
diameter of five lines, 
which is the general calibre 
of the small intestines. The 
large intestines, where the 
ileum terminates, have a 
diameter of two inches. 
The end of the ileum, fio;. 
316, tty protrudes for the 
extent of a quarter of an 
inch within the caecum, 
forming a very effectual 
valve : near this part there 
are two wide and deep glandular fossae : the longitudinal valvular 
conniventes of the large intestines have already been noticed. 

In the Potoroos the small intestines are disposed nearly as in 
the Phalangers: the short and wide caecum lies in the right 
hypogastrium : the colon makes the usual tour of the abdomen, 
but is disposed in long convolutions through its whole course, 

* LXXIV'. 
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being suspended on a broad mesocolon. The diameter of both 
small and large intestines is nearly the same : in Hyps, setosus I 
found this to be half-an-inch. 

In the great Kangaroo the descending portion of the duodenum 
is attached posteriorly, by means of a thin peritoneal duplicaturc, 
to the spine, and anteriorly to the ascending colon : it makes an 
abrupt turn upon itself, and a fold of peritoneum is continued 
from the convexity of the curve to the right iliac region. The^ 
small intestines are strung in short folds on a rather narrow me- 
sentery. The caecum is in part suspended from the same me- 
senteric fold. The colon, besides its posterior connections with 
a mesocolon, is attached, as before observed, to the duodenum ; 
and also, by means of the great omentum, pretty closely to the 
stomach, whence it passes down, forming many large and loose 
convolutions, to the rectum, being attached by a broad mesocolon 
to the left hypochondriac region. 

The zone of glands at the commencement of the duodenum has 
been already noticed ; they are present in other Marsupials, even 
in the most carnivorous species. The villi of the small intestines 
in the Kangaroo are of moderate length, compressed and close- 
set. Glandulas aggregate arc arranged in narrow patches in the 
ileum. There are seven groups of similar follicles in the caecum ; 
and a few long and narrow patches of glands occur in the colon 
intermingled with numerous glandular solitariae ; the surface of 
the rest of the lining membrane of the large intestine is disposed 
in a very fine net-work. 

Two faint longitudinal bands extend along the first ten inches 
of the colon and are continued along two-thirds of the caecum : 
the sacculi produced by these bands are but very feebly marked. 
The contents of the caecum in the great Kangaroo are of a 
pultaceous consistence, and the mass continues undivided along 
the first two feet of the colon, gradually becoming less fluid and 
then beginning to be separated into cubical faeces about an inch 
square. The diameter of the large intestine in this species ex- 
ceeds very little that of the small intestines. 

In all the Marsupials two sebaceous follicles open into the 
termination of the rectum. The anus has its proper sphincter, 
but is also surrounded, in common with the genital outlet, by a 
larger one. Wlien the penis is retracted, the faecal, urinary, 
and genital canals all terminate within a common external 
outlet ; so that in the literal sense the Marsupials are monotre- 
matous. 

The following is a table of the length of the intestinal canal, 

E 2 



4/0 


ANATOMY OF VERTEBRATES. 


and its parts, as compared Avith the body, in a few species of the 
different families of Marsupialia : — 


SPECIES. 

Body from 
8n<nit to 
vent. 

! Intestinal 

1 canal with 
Ciuciiin. 

Small 

■ Intestines. 

i Larffo 

I Intestines. 

Cfficum. 

Thylacmus Harr mi . . 

Phascogale Jlavipes . . . 

Dasyurus rnacrurus . . 

ft. 

3 

0 

1 

inch. 

4 

5 

4 

ft. 

9 

0 

5 

Hull. 

8 

14 

0 

ft. 

iiu'li. 

ft. 

i 

1 

! 

incli. 

ft. 

Inch. 

I 

Peramcles nasata . . . 

1 

4 

3 

5 

2 

5 

i ^ 

9 

0 

3 

Bidelphys Philandt r . . 

0 

9 

3 

5 

1 

11 

i 1 

H 

0 

4 

Petanrus lyygtumis . . . 

0 

21 

0 

6$ 

0 

5 


05 

0 

1 

Plmlangista mdpinu . . 

1 

8 

24 

10 

11 

0 

9 

0 

4 

10 

Ditto 

1 

7 

18 

8 

9 

9 

() 

10 

2 

1 I 

Phascolarctos fuscits . . 

1 

11 

24 

0 1 

7 

8 

10 

5 

6 

•'i ! 

Hypsiprymmis setosus . . 

1 

0 

0 

0 I 

2 

5 

2 

6 

0 

2 1 

Macropus 7}iajor . . . 

3 

3 

32 

0 i 

22 

0 

9 

0 

1 

8 

Phascoloiuys Vomhatus . \ 

2 

6 

25 

6 

11 

3 

14 

2 

0 

1 


§ 226. Alimentary canal of Rodentia , — In relation to the de- 
gree of comminution of 
the food and in continua- 
tion of the character of 
the fauces the oesophagus 
is narrow in all Rodents 
and is usually continued a 
short way into the abdo- 
men before opening into 
the stomach. The posi- 
tion of the cardia is at or 
near to the middle of the 
upper curvature (fig. 317, 
f Rat, fig. 318,/, Vole) 
as in Marsupials, and the 
modifications of the ali- 
mentary canal in relation 
to the nature of the food 
are, also, manifested chiefly 
in the ca;cum. The left 
end of the stomach com- 
monly projects beyond the 
pylorus, fig. 317, fig. 
and it is not unusual to find both ‘ blind sacs ’ marked 
• off by transverse constrictions from the mid-part of the cavity, 
fig. 317, b. The oesophageal epithelium is usually continued 
upon the inner surface of the cardiac compartment, ib. a. In 
the Porcupine, which shows well this tripartite type of stomach. 



Intestinal canal, wiili proper and supplementary 
stomachs {Mua Jtattiiah cxxii'. 
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the pyloric aperture is much larger than the cardiac one and is 
bounded toward the left side by a valvular ridge. 

In the Squirrels {Sciurns) the stomach is of a pyriform or 
oval shape, quickly contracting to a conical or cylindrical por- 
tion, which is bent upon the small curve and terminates in the 
pylorus. The cardiac compartment, which projects far to left 
beyond the oesophagus, is lined with a thick epidermis, which 
forms two oval lips, as it is prolonged around the opening into 
the second compartment, the lining membrane of which is gastro- 
mucous. 

In the Hamsters {Cricetus) the stomach is divided into two 
pouches, separated by a deep constriction; the left pouch is 
cylindrical, the right globular. The cardiac orifice is situated in 
the constriction, so that food can pass at once into the pyloric 
compartment and be antiperistaltically moved and stored in the 
cardiac division. 

In the Rat {Mus decumanus) the abdominal part of the gullet, 
fig. 317,/, is 1^ inches long, and carries forward a fold of peri- 
toneum. The Tjardiac compartment, ib. a, has thin coats and is 
lined by an epithelium which usually gives it a whiter colour than 
the rest of the organ. At the midpart, ib. b, there is a tendinous 

318 319 



Stomach of the Watcr-volo. cxxii'. Stomatfh of the Lemmfngr, inner surface. 
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jiatch from which muscular fibres radiate, as in the bird’s stomach : 
the muscular coats of the pyloric division, d, are thicker, as is also 
the gastro-vascular lining membrane. 

In the Water-vole {^Arvicola ampliibius) the cardiac and middle 
compartments form one elongated cavity, fig. 318, «, /, sepa- 
rated by a constriction from the pyloric portion, b. This swells 
out in two directions, above into a small sacculus, c, the coats ^ 
which are thin, like those of /, and below into the true digestive 
pyloric part, with a thicker muscular tunic and gastro-vascular 
lining membrane. The epithelial lining of «,/, terminates by a 
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fringed margin. The Lemmings have a similar type of stomach , 
complicated with a slight subdivision, fig. 319, c, of the right com- 
jmrtment, near the pylorus, where the thicker glandular lining 
graduates into the thin smooth mucous membrane of the supra- 
pyloric sac, e. From the cardiac orifice a pair of ridges curve 
toward the pyloric division, defining a groove or canal, /*, ana- 
logous to that which will be shown in the Ruminants the border 
of the epithelium of the cardiac half is well-defined and some- 
times fringed. The gastric tubes of the compartment, are so 
complex as to give the character of a gland to the lining mem- 
brane. 

In the Beaver ( Castor) the stomach is transverse and elongated 
in that direction, the right portion being larger than that which 
is situated to the left of the cardia; the oesophagus is inserted 
into the first third of its anterior margin by a narrow opening, 
surrounded with pointed processes, which are analogous to the 
fringes formed by the epithelium in many other Rodents. On 
the right of the oesophagus, at the lesser curvature of the stomach, 
is a gastric gland composed of numerous branched follicles, the 
blind ends of which, when exposed by removal of the muscular 
coat, give the gland a lobulated surface ; the orifices of the glands 
are arranged on slight ridges in three longitudinal rows on a flat 
tract of the inner surface. On the right of these orifices com- 
mences the pyloric portion, the termination of which is indicated 
by an external constriction, and by an internal thickened ring : 
the pylorus is approximated ♦to the cardiac orifice. This pyloric 
portion, which is more muscular than the rest, is sometimes 
dilated into a distinct pouch, separated by a constriction from the 
pyloric cul-de-sac. The internal membrane presents everywhere 
the same appearance, except that in the pyloric portion it appears 
to be more smooth, and its folds take a different direction. On 
the right of the cardia there is a very thick fold, separating the 
left from the right compartment. In the Dormouse {Mj/oxus 
fflis) and Muscardine {M. avellanarius) similar follicular glands 
are aggregated round a dilated termination of the oesophagus, or 
cardiac commencement of the stomach, like the ^ proventriculus ’ 
of birds. ^ We have here a repetition of the structure noted in 
the Wombat. 

In the Cape Mole {Bathyergus) the abdominal oesophagus is 

inch in length and terminates midway between the two ends 
of the stomach. The right compartment is of enormous size, 
elongated and pierced at its base by the cardiac orifice ; the left 

* XX. vol. i. p. 181, No. 590 a. 
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compartment is of smaller dimensions, of a globular form, and 
separated from the preceding, both by an external constriction 
and an internal fold of the mucous membrane. There are, more- 
over, two additional folds nearer to the pylorus, which seem 
to form a third compartment. The Oryctere ( Orycterus) has its 
stomach slightly different: its position is more longitudinal, so 
that the left compartment is anterior, and the right posterior; 
the pyloric portion is short, cylindrical, and directed forward. 

In Capromys Fournieri the oesophagus, after a short course in 
the abdomen, terminates in a stomach six inches long, about 2\ 
inches from the left end : a pouch of the same extent is con- 
tinued from the right of the pylorus, which is situated 1 J inches 
to the right of the cardia. 

In the Coypu (^Myopotamus) the stomach closely resembles 
that of Capromys^ being of an oblong figure, both extremities 
having pretty nearly the same volume; the cardiac extremity 
projects three inches beyond the entrance of the narrow oeso- 
phagus, and the pyloric sacculus, a little more than two beyond 
the pyloric orifice. The stomach, measured in a straight line from 
end to end, is 7| inches ; its greatest depth 4^ inches. 

In the Agouti {Dasypi'octa agouti)^ with a stomach inches 
long, the constriction dividing it into cardiac and pyloric por- 
tions is deep : the latter bulges out on each side the pylorus so 
as to make the duodenum commence from a central depres- 
sion. The Paca ( Coelogenys) shows the same structure. In an 
Acouchi the gastric constriction was not present or had relaxed. 
In the Capybara the abdominal oesophagus is two inches in extent : 
the greater curvature of the stomach is sometimes found puckered 
into sacculi by contraction of a band of longitudinal fibres. 

In the liabbit and Hare (^Lepus^ Lin.) the stomach is roundish, 
bent in a quick curve, with the oesophagus entering nearer the 
left or great end than the pyloric end ; the left end adheres to 
part of the abdominal oesophagus : it is usually found partially 
constricted into two compartments, the pyloric being the thickest 
and most muscular. The sides of this division have a well-marked 
tendinous patch. 

The intestinal canal usually, in Rodents, begins by a well-marked 
dilatation, and the whole duodenum is more continuously and 
loosely suspended than in most higher Mammals. In the Dormice 
{Myoxus) which hybernate like the bear, there is no caecum. In the 
common Mouse and Rat {Mus^ fig. 317) the caecum, k, 7, is short, 
wide, and bent ; the colon, /?, reduced to the calibre of the ileum, 
leaves the caecum, like the duodenum quitting the stomach. The 
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V)e divided in the colon, by constrictions of the gut, 
as in t\ie fignxe : the rectum runs some way along the base of the 
tail before terminating. The small intestines are five times the 
length of the body, the large intestines once that length. In 

the Mole-rat {Bathyergus) the caecum 
makes a close spiral turn, and its inner 
membrane is augmented by many trans- 
verse folds. The caecum is of greater 
length in the SciuridcB : in the common 
Squirrel it is curved, fig. 320, c, and 
divided from the colon, e, by a constric- 
tion close to the termination of the ileum. 
The colon is wider at its commencement 
than in the Rats, and the whole intes- 
tinal canal is longer. In Sciurus griseus 
the small intestines are seven times, the 
large intestines twice, the length of the 
body; the caecum is half that length. 
In the Hamster the colon describes two 
direct and two reflected spiral coils at 
its commencement, decreasing in calibre, 
and then proceeds, of nearly the same 
diameter as the ileum, to terminate in 
the rectum. ' In the Marmots ( A rctomys) 
the duodenum passes loosely down the 
right side until its attachment, by a 
mesentery from its concavity, to the first 
bend of the colon, behind which it winds 
to the left; and after an attachment to the 
descending colon by serous layers from 
its convexity, becomes jejunum. The 

Ca?cHm of the Squfrrel. cxxir. , i 

long and large csecum has a mesentery ; 
its inner surface is multiplied by circular folds, indicated outwardly 
by constrictions which led Hunter to compare it ^ to a quilted pet- 
ticoat.’ * The indication of the low grade or affinities yielded by 
the termination of the intestines, is thus noted in the present 
Lissencephalan : — ^The rectum cannot be said to terminate at the 
verge of the anus ; but about three-quarters of an inch higher up, 
that lower part seems common to the anus and to a glandular appa- 
ratus whose ducts open into it. It is something like the common 
vagina to the bladder and uterus in fowls.’ ^ In Capromys the ileum 

* cxxii". xxm. p. 134, pi. XV. * ccxxxvi. vol. ii. p. 242. 

• Ib. p. 243. 
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applies an expanded termination to a much smaller orifice at the 
side of the caecum ; the part so included forming the valve. The 
length of the caecum is thirteen inches : its widest circumference 
six inches : its parietes are puckered up by two longitudinal mus- 
cular bands, one of which is continued a short way upon the colon. 
The csecum is marked off from the colon by a valvular structure 
similar to that at the end of the ileum ; the two orifices of the blind 
gut being analogous to the cardia and pylorus of the stomach.* 

In the Coypu the duodenum commences with so large a dila- 
tation that it projects toward the oesophagus like a caecum ; its 
circumference here was 4^ inches; the decrease is gradual, 
and where the biliary duct enters the circumference is three 
inches, and a little distance below this 2|. The length of the 
small intestines is sixteen feet, their mean circumference If inches. 
The caecum is large, making a circular turn at its base and 
gradually diminishing in volume : it is puckered into sacculi by 
two muscular bands, less defined toward the basal part: its 
length is one foot ten inches, its greatest circumference eight 
inches. The ileum terminates in a sort of sacculus at the base of 
the caecum, close to the colon. This gut begins large, but gradu- 
ally becomes narrow : it is slightly sacculated for a short dis- 
tance : its mean circumference 2| inches. The colon makes an 
abrupt turn from the caecum, and after a course of one foot five 
inches suddenly folds upon itself, the reflected length running 
down for the distance of eleven inches, when it turns as suddenly 
back again, but docs not adhere so closely to the previous fold as 
that to the first length ; it then contracts and soon proceeds to 
constitute the rectum. Near the end of the first loose fold, as in 
Capromys^ the faeces begin to assume a solid form in separate 
oval masses. The total length of the large intestines was four 
feet four inches. The enormous caecum of the Capybara occu- 
pies almost the posterior half of the abdomen. 

The parallel course of the arteries along the coats of the colon 
in HystricidcB, Chinchillidmy and CtenomyidcBy connected at dis- 
tant intervals by transverse branches, without other ramification, 
is worthy of remark.^ In the Porcupine the caical sacculi are 
puckered upon three longitudinal bands, two of which are con- 
tinued some way along the colon. In the Chinchilla the sacculi 
project alternately from opposite sides of the caecum. The above- 
defined general form of large intestines in vegetarian rodents is 
exemplified in fig. 321, from the Water-vole. Here the ileum 

* exxx". p. 70 , et seq. for further details of the alimentary canal of this rare rodent. 

* XX. vol. i. p. 216, No. 723, c. cxxxi". p. 22, pi. i. 



426 


ANATOMY OF VERTEBRATES, 


terminates at the base of the sacculate cnecum, the slender ter- 
mination, y, simulates a vermiform appendage : the colon begins 
by a pair of large sacciili, but quickly contracts to the calibre 

shown at Two oval 
patches are here, as usual, 
situated on either side of 
the ileo-caecal .valve. In 
the Leporid (2 they are 
lodged in a special pouch, 
fig. 322, f: the vascular 
mucous membrane of the 
caecum, in these herbivo- 
rous rodents, is augmented 
by being produced into a 
broad fold, disposed spi- 
rally to near the slender 
termination of the caecum, 
r/, which is glandular, 

Tiecum of the Arvicola atnphibius. cxxii'. 

like the vermiform ap- 
pendage in Man. Three longitudinal bands extend upon the 
colon ; but two of these become blended together as that gut con- 
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(’tiTuiii «jf till? Hare, cxxii'. 


tracts, and the sacculi project from one side only, in which the 
faecal contents begin to be moulded into the pellet-shaped excre- 
ment. After the colon has completed its first long fold, returning 
to near its commencement, the sacculi disappear. 

Besides the analogy already noted between the orifices of the 
caocum and those of the stomach, that of the different diameters of 
the entering and out-going tubes may be observed. Comparative 
anatomy concurs with results of undesigned experiments, as in 
cases where artificial openings have been established in the 
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human intestinal canal, in showing that a change to gastric diges- 
tion is repeated upon the food in the caecum: chemistry has, also, 
shown that the chyme here again becomes acidified, after having 
been neutralised by bile in the small intestines. 

§ 327. Alimentary canal of Insectivora. — In this, as in preceding 
orders, the oesophagus is usually prolonged some way into the 
abdomen before its termination. My examinations of the stomach 
in the different insectivorous genera lead me to generalise an ap- 
proximate, rather than a remote, relative position of the cardiac 
and pyloric orifices : ^ the form of this viscus, in most, accords 
with that in Ornithorhynclius, fig. 

308, b. In a Proboscis-shrew, e.g. 

( Rhynchocyon, Peters), the depth, or 
diameter of the stomach in the axis 
of the abdomen, exceeds the length, 
or transverse diameter : the cardiac 
end does not bulge out to the left of 
the gullet so much as in Rodentia, ; but 
there is usually an expansion beyond 
and to the right of the pylorus, and the 
proximity of that orifice to the car- 
dia leaves but a short tract answer- 
ing to the ^ lesser curvature ’ of the 
stomach, fig. 323, s. The form of 

. * e-t ^ 1 A 7 • Stomach, liver, etc., Khyntliocyoii. lxxxiv' 

this VISCUS in Solenodon, Amphisorexy 

Ilydrosorex fodiens, and CladohateSy is very similar to that in 
Rhynchocyon : in all Insectivora the duodenum expands to much 
more than the diameter of the oesophagus. In our small native 
Shrews the shape of the stomach depends much upon the 
quantity it happens to hold, and the transverse extent prevails 
most in the empty state. In Sorex araneus the cardiac sac pro- 
jects moderately beyond the oesophagus ; in S, leucodouy Hydro- 
sorex hermanni and Amphisorex tetragonurns, the cardiac sac as- 
sumes almost rodent proportions ; in many Shrews the contracted 
pyloric part of the stomach is much prolonged. 

In the Hedgehog the transverse length of the stomach pre- 
vails over the depth : the blind end to the left is less produced 
than in the above-named Shrews : the coats of the narrow pyloric 
end are thick.^ 

* ‘ II est g^n^ralement dispose en travers, pins on moins alonge dans ce sens, avec 
les orifices distants.’ xii. tomo iv. p. 34. See also nxm". p. 1002, 

Hunter notes that he found in the stomachs of Hedgehogs, in April, grubs, 
with a little unchewed grass ; in May, June, July, and August, * the insects of the 
season,’ and caterpillars of the cabbage {Pieris Brassicce); in September and October, 
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ibfl* Mok »Moilui)«] omophagus is long and enters the 
•HicnM midwajr between the two ends : the cavity, when distended 
wnli the worms and grubs devoured by this voracious burrower, 
fills nearly half of the abdotneih’^ In the Tenrecs (^Centetes) the 
cardlaand pylorus are further apart than in most Insect ivora : the 
cardiac sac is less prominent ; the pyloric end is bent upon itself. 

As a rule the intestinal canal is uniform in diameter, and devoid 
of csiecum in the present order : it is loosely suspended on one con- 
tinued peritoneal fold from the beginning of the diiodeniim to the 
rectum. In the common Shrews, fig. 359, the intestine is about 
four times the length of the body ; in the Hedgehog about six 

times, in the Mole seven times, that 
length. The Tupaias and some of 
the snouted-shrews are exceptions : 
in the former ( Cladohates) the caecum 
is simple, straight, about an inch in 
length, not wider than the major 
part of the colon ; and but little 
wider than the ileum. Macrosce^ 
tides has a long, slender, pedunculate 
caecum. In Rhynchocyon^ the caecum, 
fig. 324, c, is about 3 inches long, and 
is twice the width of the ileum, ib. i. 
The colon, of similar diameter with 
the caecum, forms a short double bend, 
r, r, returning upon itself, before it 
is continued on into the narrow por- 
tion ending in the rectum. 

The lining membrane of the Mole’s intestine is disposed, 
along part of the canal, in close-set longitudinal folds ; but is re- 
markable for its smoothness and absence of visible villi. The 
mucous membrane of the Hedgehog’s intestine is beset with 
minute flat, conical villi, changing toward the end of the canal 
into a fine reticulate surface. 

§ 328. Alimentary canal of Cheiroptera , — The Cheiroptera 
present three forms of stomach ; one relating to vegetable diet, 
another to the times of taking the food and to the quantity taken, 
a third to the ordinary capture of insects during flight. The latter 
relation, which prevails in the order, is associated with a form of 



Ca>cum and colon, Prohoscidiaii Shrew. 
liXXXIV'. 


elytr®, wings and legs of insects, including those of the Scarahmts and of Geotrupes 
stercorarius ; from November onward to March — the hybornating season — there was 
no food in the stomach, only a little creamy mucus, ccxxxvi. vol. ii. p. 193. 

1 Ib. p, 187. 
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stomach, resembling that in the common Shrew. In fig. 325, the 
cavity has been inverted, showing the rugae and the glandular 
character of the gastric membrane at the pyloric end. Tiie differ- 
ence in the diameters of the oesophagus and duo- 
denum are also shown. In the Noctule a small 


part of the right end of the stomach projects be- 
yond the pylorus. In Plecotiis communis the left 
end of the stomach becomes somewhat attenuated 
and bent up. In the Vampires {Desmodus) the 
c.ardiac portion is produced into a long intestini- 
forin reservoir,^ in which the blood is stored up. 



stomach Inverted of 
common Bat (TV»- 
pertilio murinua). 


that may have been sucked during a night’s adventure, and 


transported for digestion in the place of repose. In the Ptero- 
pines the left end of the stomach, fig. 326, is much produced, but 
in a far less degree, than in Desrnodus. It is sometimes found, in 
tlie partially distended state, divided into two dilatations: the 
extreme one smooth ; the other, nearer the cardia, showing rugae 


longitudinally disposed : the oesophagus in these frugivorous Bats 
is wide and expands near its termination. To the right of this 
expansion the stomach is long and narrow, bent upon itself, and 
produced into a cajcal pouch beyond the pylorus, which is 
extremely small. The intestinal canal is usually devoid of 

ciecum ; but the colon begins 
with one about a quarter of 
an inch in length, in Rhi- 
nopomci Hardwickii and 
Megaderma spasma. The 
whole intestine is barely 
thrice the length of the 
body in Vesptertilio muri’- 

• .. . Stomucli t)f Pteropus. xxviii. 

nus : in a Pteropus it is 



nearly seven times that length. The intestinal villi in some Bats 
are close-set foliaceous processes, and form extremely beautiful 
microscopic objects when injected. In Rhinolophus the lining 
membrane presents fine transverse folds. 


The low position of the volant and terrestrial Insectivora^ as of 
Rodents and Marsupials in the Mammalian series, is shown by 
the loose and simple mode of suspension of the intestinal canal. 


§ 329. Alimentary canal of Quadrumana, — The Galeopitfieci 
indicate their lemurine affinities by their long and large caecum. 
The oesophagus opens on the cardiac side of the middle of the 


* A good figure of this modification, first observed by Peters, will be found in 
cxxxvi". p. 388, 
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small curvature; but leaves a well-marked semi-oval pouch to 
the left : the pyloric end loses in calibre and gains in thickness ot 
its coats, the inner one projecting in wavy longitudinal folds : the 
pylorus is a small constriction. In a male Galeopithecus Tern-- 
minckii, measuring from the apex of the nose to the root of the 
tail 1 foot 4 inches, the small intestines were 4 feet 4 inches, the 
caecum 1 inch, the large intestines 7 feet 7 inches.^ 

In the Aye-aye the cesophagus has a course of about a third of 
an inch in the abdomen before terminating at the cardiac orifice. 
This is situated, as in most Lemurs, nearer the pylorus than 
the cardiac end. The stomach is of a full, subglobular form : the 
j)yIoric end projects about half an inch below and fo the right of 
the pylorus. A narrow glistening tract of fine aponeurotic fibres 
runs parallel with, and a little below, the short curvature between 
the cardiac and pyloric orifices, and from this tract the fibres of 
the outer muscular layer radiate. A narrow but well-marked 
crescentic fold projects into the cavity from the lesser curvature, 
four lines to the right of the cardia, subsiding about an inch down 
the fore and hind walls : this fold appears even when the cavity 
is fully distended, and it marks out internally the division be- 
tween the cardiac and pyloric compartments. The pylorus is a 
subcircular aperture, above which projects a short thick longitu- 
dinal prominence. The duodenum, after its usual curve, crosses 
the spine below the root of the mesentery, then turns up the left 
side to commence the three principal folds of the small intestine, 
on the border of the mesentery, by which, with the caecum, they 
are freely suspended. A duplicature of peritoneum is continued 
from the end of the duodenum, and from the lower part of the 
beginning of the colon, to the first lumbar vertebra, attaching 
them thereto. The colon, after a course of 3 or, 4 inches, forms 
a long narrow fold, 5 inches in length, then passes to the left, 
above and behind the root of the mesentery, and descends along 
the left lumbar and hypogastric regions to form the rectum. 

The small intestines are rather more than three times the length 
of the body : the caecum is about one-fifth that length ; measuring 
2 inches 7 lines: for the first inch it is 10 lines in diameter, but 
suddenly contracts to a diameter of 3 lines ; terminating rather 
obtusely, and resembling an appendix vermiformis ; but this is not 
marked off by any valvular structure from the wider part of the 
caecum, and it is continued, as in the human foetus, directly from 

* ‘ In several shot on the hills at Pinang, the stomach contained vegetable matter, 
but no remains of insects. In confinement plantains constitute the favourite food.’ 

LXXXIl". p. 8. 
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tlie end of the wider part, or caecum proper. The large intestines 
are about 1 foot 10 inches in length. Tlie colon, moderately dis- 
tended, is 1 inch 2 lines in diameter at its commencement, and 
gradually decreases in width. Beyond the first enlargements it is 
not sacculated, but is slightly puckered on a longitudinal band, 
which may be traced a few inches from the beginning of the gut, 
where two or three pouch-like protrusions appear on inflation. 
The ileo-colic aperture is slit-shaped, bounded by two low ridges, 
that next the caecum being most produced.^ 

This type of ciccum is repeated in Stenops jav aniens with a longer 
and narrower ‘ vermiform ’ termination : ^ in Stenops tardigradus 


327 



Cvecum of Galago Moholi, nat. size. 


this part is shorter:^ in Taj^siuSy'^ Perodictlcus,^ OtolicmiSy^ 
the Galagos,^ it is wanting, and a moderately long and wide 
caecum terminates obtusely, without 
contracting : in Galago calahariensis 
it is comparatively short : ® in Galago i 

moholi y with a more eflScicnt form of ^ yl 

molars for mastication, the caecum , 
is more than twice the length in pro- '/ g ^ 

portion to its calibre, and it is puck- K Ik 
ered by a mesenteriole into five or |1 
six short folds, fig. 327. The cardiac 
part of the stomach is large in all 
Lemurincs, fig. 328, a : but the py- 
loric part rarely protrudes to the right of the pylorus, below the 
beginning of the gut. The duodenum is rather shorter in true 

* cii'. p. 42, pi. xiv. * cxxiv". p. 60, pi. ii. fig. 16. * i.xxxiii". 

^ 1.XXXIV". ® LXXXV". ® LXXXVl". 

^ LXXXVIII". pi. xi. fig. 1. ** cxxxiv". and cxxxv". p. 329, fig. 9. 
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Lemurs than in Galagos : the caecum was 7 inches long in a 
Lemur Mongoz ; it was loosely suspended, as in other Lernu- 
ridcB, 

In the small Platyrhines (^Midas^ Jacclius) the oesophagus is 
continued a short way into the abdomen, and the stomach 
resembles that in Lemui'idce : the duodenum becomes free in 
passing to the left. The caecum is of moderate length,, cylindrical, 
curved : two longitudinal bands are continued from it along the 
colon. In Jacclius vulgaris the small intestines are twice the 
length of the body, the large intestines once that length. The 
cardiac sac of the stomach is large in all Platyrhines, but the 
cardia and pylorus are less approximate in the larger kinds. 
In Ateles and Mycetes Cuvier notes a tendency to sacculation 
along the great curvature. The caecum is 4 inches long and 
1 inch broad in Cebus ; in Ateles it is subconical, the base being 
next the colon. In Mycetes the caecum is proportionally shorter, 
but retains the simple un sacculated character. 

In Cercopithecus the oesophagus, with a short abdominal course, 
opens into the stomach midway between the left and right ends : 

in Macacus and Cynoce- 
phalus the left sac is re- 
latively less : the chief 
modification is presented 
by the Doucs, or those 
tailed monkeys which 
have a fifth tubercle on 
the last lower molar, 
and are without cheek- 
pouches. In a Semno- 
pithecus entellus which 
measured 1 foot 8 inches 
from the mouth to the 
vent, I found the sto- 
mach, fig. 329, 2 feet 7 
inches along the greater 
curvature, and 1 foot along the lesser curvature. To the left 
of the cardia it forms a large and sub-bifid pouch : the middle and 
widest part of the stomach is puckered up into several large 
sacculi : the pyloric portion is long, narrow, curved and sac- 
culated along the line of the greater curvature to within one- 
third of the distance from the pylorus, where it is simple and 
gradually contracts to that orifice : the vascularity and structure of 
the lining membrane of the third division indicates it as the chief 
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Stomach, dlatciidcd ; Semnupithecua JCntellua. cxxxix". 
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scat of true digestion ; the wider sacculated divisions have mainlv 
a preparatory and a receptacular function : a firm cj)itlielium is 
not continued into them from the oesophagus ; the greatest cir- 
cumference of the dilated stomach is 1 foot. The stomach of 
the Ser/mopitheciis fascicular is is similarly complex but propor- 
tionally smaller : as arc also those of Nasalis larvatus and 
Colobns ursinus ; in which, as in the 
Scimiopitheci^ a narrow band of longi- 
tudinal fibres, continued from the left 
end along the greater curve, jmekers 
uj) the tunics into the larger sacculi, a 
second band along the lesser curvature 
contributing in a minor degree to this 
complexity. ‘ Evidence of the accumu- 
lation and detention of vegetable food is 
afforded here, as in Ruminants, by occa- 
sional ‘ bezoar ’ concretions. » itoum. cercopithcatusabaus. exxn 

The stomach resumes its simple form in tailless apes; in Avhich 
the left end is less prominent than in Macaci^ and the lesser 
curvature is of greater extent; the pyloric division is longer, 
and the entire form less globular: in the Oraiig the pyloric 
division shows a rather abrupt bend. 

The lining membrane of the stomach 
when in a moderately distended state 
is devoid of ruga*, in all Apes ; and 
the small intestines are without 
transverse folds of the mucous mem- 
brane. The ca3cum in Catarhincs 
is always shorter than in Platy- 
rhines, is usually wider and more 
or less sacculated. In some species 
of Cercopithecus it is puckered up by 
four longitudinal bands, of which CoHum and vormlfonn appendage, 

^ Jli/lvbaks. cxxn'. 

three are continued along the colon : 

in most the csecum is more conical in shape than in AJacacus, the 
apex being narrower and more prolonged, e. g. Cere. SabcEus, 
fig. 330. In Hylobates, fig. 331, the vermiform appendage re- 
appears ; it is terminal, and in some species short ; but is more 

' This typo of (piadruinanous stomacli was discovered in an undetermined kind of 
monkey by Wurmb, in 1785 ; and, independently, by Otto, in a supposed Ccrroin- 
thitcus in 1824, and described in cxxxvn''; -it was determined to be characteristic ot 
the natural group, including the genera St'^nnopitkecus, Nasalis., and Cololms, m 
cxxxviii", cxxxix", cxl", and cxli". 
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differentiated as such by its glandular tunic and marked com- 
mencement than in Lemuridoi : the appendix is terminal, but is 
long and convolute in the Orangs [Pithecus) : in the Chimpan- 
zees ( Trofflodiftcs) there is a more marked constriction between 
the aj)pendix and the ca">cum. The colon is sacculated and mo- 
derately long in all Catarhines: it is loosely suspended by a 
broad mesocolon, and only in tailless apes does the ctecum begin 
to adhere, through an incomj)lete peritoneal investment, to the 
right hypogastric region. 

§ B30. Alimentary canal of Bima7ia . — The chief characters of 
the canal in ihis order are the termination of the gullet almost as 

soon as it has entered the ab- 
domen; the more extensive 
and closer adhesion of parts of 
the alimentary canal, as the 
duodenum, ca?cum, beginning 
and end of colon, to the abdo- 
minal walls, which relates to 
the erect posture ; the more 
definite and finished character 
of the several parts of the canal ; 
and the modification of the 
lining membrane of the small 
intestines, called ^ valvular con- 
niventes, ’ for a more com- 
plete and efficient extraction 
of nutritious matter from the 
chyme. 

The stomach presents a 
greater extent transversely to 
the abdomen than in Q?mdrn- 
mana, and the blind left end 
(‘ saccus ciccus,* Haller) is less 
extended and expanded than 
in Monkeys and Lemurs, the 
(esophagus opening more to 

stomach and intestirmj Icaviug a morC 

extensive ‘ lesser curvature,’ 
fig. 332, c, P. Anthropotomy (iistinguishes the ^ cardiac orifice,’ 
fig. 333, a, ff ; the cardiac pouch ’ or ‘ blind sac,’ ib. y, d ; the ‘lesser 
curvature,’ ib. a, e, ; the ‘ greater curvature,’ ib. y, d,f, e, h ; the 
‘ pyloric portion,’ ib. e, b, h, c; and its orifice or ‘ pylorus,’ 
ib. b, b. In a state of moderate distension the length of the 
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stoinacli averages from thirteen to fifteen indies; its widest 
diameter five inches; its capacity five pints. It extends almost 
transversely across the upper (in Man) part of the abdomen 
from the left toward the riglit side, the pylorus entering the 
region called ^ right hypochondrium Jis the stomach becomes 
distended, it gently rotates the great curvature forward. The 
outer or ^ serous ’ coat is continued from the lesser curvature 
and contributes with the end of the gullet and beginning of 
the gut to suspend or attach the bag : from the curve dy 
fy Cy the serous coat extends down to form the ^ great omen- 
tum,’ fig. 388 ; thus provision is made for the digestive cavity 
to encroach upon the interspace of the two serous layers during 



Muscular coat, llunian stouiacli, inverted. cxLviii", 


expansion. The muscular coat of the stomach is in three layers 
which, from the general course of the fibres, are termed ‘ lon- 
gitudinal,’ ^ transverse,’ and ^ oblique : ’ the latter or innermost 
layer, fig. 333, //, dy fy c, is partial : the other two are com- 
plete. The longitudinal layer, like that of the gullet, is the 
outermost; and the fibres radiate from the cardia, becoming 
thinner as they diverge, spreading and decussating with the other 
fibres, and hardly traceable continuously to the pylorus, save 
along the lesser curvature. The transverse fibres, which lie 
immediately beneath the longitudinal, form a thicker and more 
uniform stratum; in the inverted stomach, from which the 
mucous membrane has been dissected, in fig. 333, they are the 
innermost at the pyloric end, c, Cybi at the cardiac end they are 
lined by the layer of ^oblique’ fibres. The transverse layer 
increases in thickness to the pylorus, fig. 334, the circular fibres 
or sphincter occiqiying the valvular fold of the mucous membrane, 

F F 2 
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ib. p. This membrane is usually of a pale ])ink colour, deeper 
tinted at the pyloric than at the cardiac portion, and j)roduccd 
into numerous wrinkled folds or ^ rugie,’ which 
are not so soon effaced, under distension, as in 
the quadruinanous stomach. The ‘ basal ’ part 
of the membrane is areolar or cellular tissue, 
connecting it to the muscular coat; it also 
supports the vessels and nerves, forms the 
cylinders of the gastric tubules, and is covered 
by a delicate epithelial layer of the columnar 
kind. The gastric tubules, fig. 337, are cylin- 
^ dors of the basal membrane, packed vertically 

side by side, and filled by cells : their inserted 
end, d, is closed : they expand slightly before reaching the free 
surface of the membrane, where their margins become continuous 
with each other, so as to form a series of low ridges, the height and 
width of which vary somewhat in different parts of the stomach. 
The length of these tubes is about of an inch at the middle of 
the organ, almost double that length at the pyloric portion, and 
half that length at the cardiac region, — a difference causing the 
different thickness of the mucous membrane in these parts of the 
cavity. Their diameter is about jJ oth of an inch, and is a little 
increased in the j^yloric ones ; in some of these, blind processes arc 
continued from the inserted end ; as commonly seen in the Dog, 
fig. 349. Toward the outlet the tubule is occupied by ‘ columnar 

epithelial cells,’ fig. 337, c : 
the deeper portion is filled by 
oval nucleate cells, attaining 
in some cases TITO ^th of an 
inch in diameter, ib. b. The 
tubules are connected together 
by a finely fibrous form of 
areolar tissue, in which their 
blind ends, or branches, are 
imbedded. 

The principal arteries of the 
stomach, derived from the ^ coe- 
Arteriew f»f tiie stomntri), us set-ii hy ruisiiig It Hac axis,’ ai’c tlic ^ arteiia coro- 

naria ventriculi,’ fig. 335, a, 
which courses along the lesser curvature; the ^gastro-duodenalis,’ d, 
which gives off* the ‘ arteria pylorica,’ ff ; the ^ gastro-epiploica,’ 

^ dextra,’ e, and ^ sinistra,’ i. The branches of all these arteries 
have a tortuous course and freely inosculate ; their ramuli per- 
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forate the muscular coat and form, with the veins, an expanse 
of network, fig. 336, cf, in the loose -37 


submucous areolar tissue: the capil- 
laries, ib. Uy penetrate the gastro-mu- 
coiis coat, their ultimate bi'anches, of 
from 

diam., ib. passing vertically along or 
between the walls of the gastric tubes 
to their outlets, where they form a fine 
superficial network, b : from this the 


330 




Capillaries of fhe gasM o-ninrous ineiiibraiic. 
cxLvm". 


Castrlr tubule, from the middle of the Human 
stomach; magn. 140 diam. cxi.viii". 


veins commence, and return by the vertical canals, c, c, to the sub- 
mucous network, c. 

The product of the tubules, called ‘ gastric juice,’ is a limpid 
fluid of a pale straw colour, acidulated by hydrochloric acid, and 
also by lactic acid (unless this be a secondary result of analysis): 
its peculiar organic principle, called ^ pepsin,’ contains about two 
per cent, more nitrogen than the ordinary proteine compounds. If 
dilute hydrochloric acid be added to a solution of pepsin in cold 
water, the liquid exercises solvent powers over organic substances, 
especially animal ones, and a kind of artificial gastric juice is thus 
produced. Tlie natural gastric juice exercises a coagulative and 
alterative as well as solvent power upon the food, and ^ digests ’ 
or converts it into chyme. 

The canal which receives the chyme, called ^ small intestine,’ 
extends from the pylorus, fig. 332, P, to the csecum, C C : it is 
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about 20 feet in length and 1 1 inches in diameter.' Its beginning, 
fig. 335, y*, curves outward and backward to the under surface of 
the right lobe of the liver, and has an entire investment of 
peritoneum ; the gut descends along the inner border of the 
right kidney, where the posterior wall is left uncovered by the 
peritoneum, and is attached by cellular tissue to the subjacent 
parts : it then crosses below the pancreas, be- 
hind the stomach, to the left, having a partial 
covering of peritoneum, and only regains 
the entire serous coat where it emerges to 
form the beginning of the next part of the 
small intestine. This is termed ‘ jejunum,’ 
(ig. 332, j, from its usual emptiness, and the 
rest of the tube is ‘ ileum,’ ib. i : these con- 
volutions are suspended upon the dupHca- 
tiire of peritoneum called ^mesentery.’ The 
muscular tunic of the intestine consists of an 
outer longitudinal and an inner transverse or 
ciiHuilar stratum ; both layers being some- 
what stronger in the duodenum. The mu- 
cous membrane begins, in the second portion 
Vfiivii’se...nrjfveiins,’ wnnian of tlic duodeiium, to bc disuoscd iu trausvcrsc 

small intestine, cxlviu". ^ ^ i a i 

to Ids called by the old Anthropotomists 
‘ valvulae conniventes,’ fig. 3.S8, as tending to impede, while, at the 
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Section of ITmnan jt-junuiii : magn. 50 


same time, conniving at, the passage of 
the chyme; but, in truth, extending the 
surface to which the chyme adheres in 
the process of elimination of the chyle : 
their direction at riglit angles to the 
course of peristalsis not only checks 
the passage but insures tlie admixture 
of the various constituents of the chyme. 
The alterative and absorbent surface 
of the small intestine is further au<r- 
inentcd, as in most Mammals, by the 
minute filamentary processes which, 
giving the free surface a velvety cha- 
racter, are termed ‘ villi.’ In the mag- 
nified section of the Intestinal tunics. 


uuu,. cxMuc-. 339 ^ ^ j^re the villi, c the submu- 

cous areolar tissue, e transverse fibres, /longitudinal fibres of the 


> The length of the body from the vortex to the vent, not to the heel, is that which 
shonhl he taken for comparison of proportionato length of the intestines in Man with 
tlioHe of brutes recorded in the ‘ Tables ’ of xir, tomo iv. pp. 182-208. 



ALIMENTAKY CANAL OE BIMANA. 


439 


muscular coat; in fig. 341 the serous coat is marked g. In the 
interspaces of the villi minute pores may be seen by the aid 
of the lens : they are the outlets of the ^ intestinal tubules,’ figs. 
339, 341, b. Like those of the stomach they are hollow cylinders, 
fig. 340, closed at the ends, e, which are buried in the areolo- 



InlCistlnal from tho jejunum magn. 
Sodiaui. cxLViii". 


Intestinal follicle in vertical ?cctloji; magu, 
40 diam. cxi.viii". 


fibrous tissue : their length is about five times their width, which 
averages -3 J ol^^h of an inch : their proper wall consists of nucleated 
columnar cells, a, h ; their mouths d, open into the area of the 
gut : their contents are a clear fluid and minute granules. Each 
villus is covered by an epithelium of columnar cells inclosing 
a parenchyme, with traces of unstriped muscular fibre, the com- 
mencement of the lacteal absorbents, and a rich supply of 
capillary vessels. From the analogy of the gastric tubules it 
may be concluded that the intestinal ones continue the sol- 
vent and alterative operations on the chyme. Other arrange- 
ments of secreting surface relate to the furnishing of lubri- 
eating mucus for accessory offices: these are noted as the 
^follicles.’ They are cither ^ solitary,’ fig. 341, i, or in groups, 
termed ^ agminate,’ fig. 342, and such patches appear to be bare 
of villi. The size and structure of the follicles are the same 
under both arrangements : they are considerably larger than the 
intestinal tubules, fig. 341, b\ the follicle, /i, expands as it sinks 
into the submucous tissue, d, and its broad base is usually 
applied to the muscular coat, e. The follicles are filled with an 
alburaino-mucous pulp. Fig. 342 gives a moderately magnified 
view of a patch of ^ agminate follicles,’ of which patches about a 
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score niay be foiirid in the tract of the small intestine, situated 
opposite the line of attachment of the mesentery, and most nu- 
merous in the ileum, where the intestinal contents become less 

dilute : rarely are any seen in the duo- 
denum. Viewed with a higher power, 
as in fig. 343, the follicular orifice, «, is 
surrounded by a circle of pores of the 
^ intestinal tubules : ’ and in the inter- 
spaces of the cliistered follicles project 
short obtuse conical villi, />, of so much 
smaller size than the ordinary ones as 
to make the patch appear bare. The 
looped capillaries of the follicle come 
oft* from vessels encircling their cap- 
sule. 

The ^ racemose glands,’ fig. 343, c, 
arc peculiar to the duodenum, and most 
numerous at its commencement where 
they form a circular layer just beyond 
the pylorus. Here each gland is about 
-pPjjth of an inch iiuliametcr. The duct 
at the areolo-fi broils base of the intesti- 
nal glands, hg. 344, divides and sub- 
divides in the thick submucous tissue, 
and ultimately terminates, or receives the secretion of numerous 
siibglobular or polyhedral follicles, averaging of an inch 

in diameter: these answer to what are 
termed the ‘ acini ’ in larger glands : the 
nature of their secretion has not been de- 
termined : it, probably, resembles the pan- 
creatic from analogy of structure. 

The ileum terminates in the side of the 
^ beginning of the large intestine leaving a 
short and wide sacculated ^ cascum ’ from 

Portion of pjiicii of fiiiii- iicar tliG cud of which is sent oft* a slender 
rici*. inagn. 12 diam. cxi.viii". « vcrmiform appcudage,’ lig. 332, c c. The 

human ciecum is further characterised by its fixed position ; having 
only a pn^rtial covering of peritoneum, which passing oft* from 
its fore part binds it down to the ^ iliaciis internus ’ muscle to 
which its non-seroiis surface is connected by areolar tissue and 
fascia. The intestine, as it rises from the cajcum, is called 
^ colon’ or ^ascending colon,’ ib. AC, and continues, as it passes 
the right kidney and ^ quadratus liunborum,’ to be attached 
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I’atcli of.iginiinic* follicles, niagii, 
5 dlam. cxLViii", 
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thereto by a progressively decreasing breadth of non-serons wall: 


the gut then resumes a complete 
serous coat, which passes off 
into the progressively widening 
duplicature of peritoneum, for- 
ming the ^ mesocolon : ’ nearing 
the duodenum it arches across to 
the left, TC, at the line between 
the ^ umbilical ’ and ^ epigastric ’ 
regions of Anthropotomy : then, 
descending ventrad of the left 
kidney and ^ quadratus lumbo- 
r urn,’ it becomes attaclied thereto 
by areolar tissue : it next forms 
the folds called ^sigmoid flexure;’ 
ib. s F; and, bending to the 
mid line, contracts and passes 


314 



as the ‘ rectum,’ R, to the vent. 
Save at this terminal portion, 
the longitudinal fibres of the 
large intestine are specially ag- 
gregated along three nearly 
equidistant tracts, one of which 



runs along the line of attachment of the mesocolon ; these ‘ bands ’ 


are nearly one-half shorter than the entire 345 


gut, and consequently pucker it up into 
saccuH. They commence at the setting 
on of the vermiform appendage and di- 
verge therefrom to their positions on the 
ciccum and colon ; at the sigmoid flexure 
they begin to expand and form, with added 
fibres, a strong continuous longitudinal 
stratum upon the rectum. The circular 
fibres, uniformly thin and feeble upon 
the colon, are thickened round the rectum. 
The human ^ vermiform appendage,’ fig. 
345, //, is commonly from 4 to 5 inches 
in length : its diameter is about ^ of an 
inch : the follicular glands are so nume- 
rous as to constitute sometimes a conti- 
nuous layer. The ileum, ib. a, opens, by 
a transverse slit into the inner or mesial 



Ca3cum and llco-ra*caI v.dv<', cxnviii'^ 


side of the caecum, c: the opening being defended by a pair 
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of semilunar valvular folds, of Avluch the lower, /', is the ^ ilc(v 
eoceal,’ the upper, the ‘ileo-colic’ valve. A transverse con- 
striction, r/, usually marks the boundary between caHUim and 

colon. In the ai)es and all 
lower qiiadriimana the ileo-(aecal 
orifice and valve are circular. 
The muc(nis membrane of tin* 
ca?cum and colon is the seat of 
both intestinal tubules and fol- 
licles: the hitter are chiefiy pre- 
sent in that of the rectum, which 
is disposed in numerous folds. 
-.Vltlii Uj^h this ^ut appears 
straight in a front view, it fol- 
lows, in ilan, the curve of the 
pelvic cavity, tlirough which it 
' passes, as shown in the side view, 
fig. 346. The ])eritoneum is re- 
flected from its iqiper third, fonn- 
ing the ‘ recto vc.sieal ’ pouch, ih. 
r, V ; and tlie rest of the gut is 
by thc Ordinary areolar 
tissue to the surrounding part, 
Anthropotomy accordingly distinguishes, in the rectum, an upper 
or ‘ oblique segment,’ s, ri : a middle or ‘ arcuate segment,’ r 2 , and 
a ‘ terminal portion,’ r 3 : inclosed at the end by the ‘ sphincter 
ani,’ q, n. 

§ 331. Alimentary canal oj Carnivora. — In this group thc di- 
gestive system is adapted, as a rule, exclusively for animal diet. 

The oesophagus is usually 
wide. Thc muscular fibres 
arc arranged in an external 
longitudinal and an internal 
transverse layer : but, in the 
Lion, a third layer of longi- 
tudinal fil)res is applied to 
the inner side of the circular 
ones at the terminal part of 
the tube : they are separated 
from thc circular fibres by 
loose areolar tissue; and are 
, . . ■ ,.1 , , membrane of the oesophagus, 

which they, here, pucker up into numerous narrow alternatimr 



Stoiiittfli of tlio Lion. 


•closely attached to the linincy 
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transverse rugie. The stomach of the Lion, fig. 347, shows its 
common form in llic order: it is chiefly elongated from right 
to left ; but lies less transversely to the abdomen than in Man : the 
cardia, and pylorus, />, Jire Yvide apart: there is but a small 
extent of ^ blind sac,’ to the left of the cardia, and the pyloric 
end, h, is bent abruptly and closely uj)on the middle of the 
stomach. The longitudinal fibres of the muscular coat form a 
strong band along the lesser curvature: the rugas of the inner 
coat affect a longitudinal course : the pyloric valve is less promi- 
nent than in man. The branches from the ^ arteria coronaria 
ventriculi ’ ])ass some way down the front wall before penetrating 
tlie gastric coats ; not entering at the lesser curvature, as in Man. 
In all Felidcp the pylorus is suspended by a duplicature of peri- 
toneum, and the duodenum has the same loose attachment, to its 
termination, which becomes more closely tied to the vertebral body. 
Tlic mesentery again expands to suspend the rest of the small in- 
testines. In a full grown Lion these measured 1 8 feet, with a uni- 
form (urcumference of 2^ inches. The cnscum was 2 inches long : 
it is simple and conical, fig. 348 : the 
length of the large intestines was 2 feet 10 
inches; the colon soon gains a circum- 
ference of 4 inches. The muscular coat 
of the intestines is thick throughout. The 
terminal orifice of the ileum is circular, 
and situated on a valvular prominence of 
the same form. The apex of the caecum 

. , t* • I • Csecum of the Lion 

is a cluster ot intestinal tollicles. 

The lining membrane of the small intestine has fine and close- 
set villi in the Lion ; they are longer and coarser in the Bear, and 
seem to be rather flattened than cylindrical. In contracted parts 
of the tube the lining membrane is thrown into longitudinal 
riigas : the agminate follicles form long longitudinal tracts in the 
Lion. In the Ilyicna the ciccuin is about twice the length of that 
in the Lion, relatively. 

In the Dog the gullet extends about two inches beyond the 
diaphragm before terminating in the stomach. The duodenum is 
loosely suspended by a mesentery, except at its transit across the 
vertebrae to become jejunum. The caecum is rclati¥ely longer 
than in the Hyajna, and after a short course is folded or curved. 
The intestinal canal is longer and narrower in the Dog than in the 
Wolf, and the caicum in the latter is curved from its origin : it has 
three coils in the Fox. 

The rugte of the gastric membrane are numerous and well- 
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mavketl in the contracted stomach of the Dog. Microscopic in- 
vestigation of the gastro-nnicoiis coat has sliown the tiibulcs to 
be more commonly subdivided at their blind ends than in Man. 
In fio'. 349, A is a tubule from the cardiac half, and B one tiom 
the pyloric portion, of a Dog’s stomach: a, b the columnar epithe- 
3^9 thelium; c the siib-sacculatc 

» ':S> branches of the pyloric tubules. 

' intestinal mucous mein- 

brane is finely villous. ^ Fig. 
350 shows a magnified view of 


& ^ 


(iJistrU- tubules. Dog’s siomarli, uiagu. GO din 



Vniu.s of llio Ile um of Ji Dog, uifiKU. ■*') 


one of the villi, h, from which the colunniar epithelium, «, c, is 
partly detached : d, e, are columnar cells, more magnified, showing 
the nucleus. Some of the Civet tribe have a stomach of a fuller 



Storonch, duodenum, iirid pancreas, Suricate i nat. size 


form. In the Suricate (^y- 
z(jo?ta te.tradactyl(i) the oeso- 
phagus, fig. 351, «, runs half 
an inch into the abdomen 
before ending in the stomach, 
about half an inch from the 
left end, ib, h. The epithelial 
lining of the gullet terminates 
abruptly, as in all Carnivora, 
at the cardiac orifice. The 
stomach is of a full oval 
shape, maintaining much 
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width to near the ])y]oric end, c, which is too short to he bent. 
The diiodeniiin, dy dy makes a large curve, and is a loose intestine, 
Avith a meso-duodenuin Avhich becomes shorter as it approaches 
the spine at the lower end of the curve : 
it is continued into the jejunum before 
crossing the sinne. The biliary and pan- 
creatic ducts, dy terminate about an inch 
from the pylorus. The length of the small 
intestines is 3 feet 2 inches, with a general 
circumference of one inch. The caecum, 
fig. 352, Cy is an inch in length, rather con- 
tracted at the neck, witli an obtuse blind 
end : this is occupied by a patch of agmi- 
nate follicles : a larger patch is at the end 
of the ileum, ib. ai the ileo-colic orifice 
and valve, 5, are circular. The colon, dy is 
continued almost straight to the vent, e : 
the length of the large intestine was but 
6 inches. 

The Musteline, Subursine and Ursine 
Carnivora are, as a rule, devoid of cteeum. 

In the Martin {Mustela mai'tes) the intesti- 
nal canal is three and a half times the 
length of the body. In the Otter the great and small curves 
of the stomach appear angular through the abru 2 )tness of the 
bend .of the pyloric upon the cardiac part. The intestinal canal 
is relatively longer in Enliydra than in Liitra, In the Kacoon 
the beginning of the colon is indicated by a slight enlargement 
and circular fold of the lining membrane, not produced so as to 
form a valve. In a Benturong (^Ictides) I found a ciecal pro- 
jection of half an inch in length at the beginning of a large 
intestine two feet in length: the small intestines were seven 
feet long ; the length of the animal, exclusive of tail, was two 
feet. The stomach of Ailiirus is subglobular, Avith terminal 
orifices ; the narroAv termination of the pyloric j)art has a thick 
mucous membrane. In the Bear there is a more marked blind 
sac at the left end ; both muscular and mucous coats are thick. 
The villi of the small intestine are longer and coarser than in the 



LiU’tfc iiitrstliR', Siinratf, lifilf 
iiiir. 


Lion. In UrsidcB the entire intestines are about twelve times the 
length of the body ; in Felidae from three to four times ; in Vi- 
verridcB from four to six times : the longest in this family being 
in the frugivorous Palm-cats {Paradoxurus.^ 

In the common Seal {Phoca vitulinoy L.) the oesophagus opens 
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widely into the left end of the stomach, leaving no blind s«ac 
there : the pyloric end is bent acutely on the rest of the cavity : 
the pylorus is very small and is defended above by a valvular 
prominence, g'iving the opening a crescentic form ; the diameter of 
the pylorus is ^ an inch, Avhile that of the cardia is 1-^ inch. The 
duodenum descends abruptly from the pylorus, and is connected 
by a continuation of peritoneum with the pyloric end of the 
stomach. It is contracted at its origin, but soon dilates, and a 
sacculus is formed between its muscular and mucous coats for 
the reception of the biliary and pancreatic secretions, which after- 
wards are conducted through a narrow passage into the intestine. 
Having descended as far as the right kidney, the duodenum turns 
to the left in the usual manner, but has a complete investment of 
peritoneum through its whole course: at the left side of the 
abdomen it carries forward this process of peritoneum, which 
forms the mesentery in the usual manner. The small intes- 
tines do not exceed inch in circumference, but their defi- 
ciency in this part of their dimension is compensated by their 
great length. The large intestines commence by a short round 
ciccuin, which, in two instances, was situated close to the pyloric 
end of the stomach : the greatest circumference of the colon 
was 4 inches. The Walrus has a similar caecum. The interior 
of the stomach is smooth and without rugte; the intestines have 
the same character. In a Seal measuring 3 feet from the snout 
to the end of*the hind flippers, the small intestines were 40 
feet long, the large intestines 2 feet, with a ciecum of nearly 
one inch in length. The agminate glands run in long narrow 
strips. 

§ 332. Alimentarj/ canal of Brvta , — After exceptional instances 
in the Marsupial {3Iacro2ms) and Quadrunianous (Scmnopithecus) 
orders, we now begin to find comidex conditions of the gastric organ 
to predominate ; the main characteristic of which in • the present 
order is, that, when a laminate epithelium covers the lining 
membrane so thickly as to be comparable with cuticle, its most 
constant position is at the pyloric division of the stomach. There 
are, however, gradations, and the Armadillos retain most of the 
preceding more simple conditions of the alimentary tube. In 
Dasypus peha} the oesophagus, after the course^ of an inch in the 
abdomen, terminates in a stomach of a subglobular form about 
inch from the left end : its epithelial lining ends at the cardia. 
The lining membrane of the stomach is villous, becoming smoother 
toward the pylorus ; to that part a few longitudinal rugse at the 

^ cxxvii". p. 142. 
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middle of the cavity converge. The muscAilar coat is thin at the 
wide cardiac end, but attains a tliickness of 2 lines near the 
pylorus, and here on each side there is a tendinous spot externally. 
A semilunar ridge defines the lower part of the pylorus ; from 
the upper part depends a protuberance: this valvular structure 
resembles that in the Seal. Beyond the pylorus k a well-marked 
zone of racemose glands. In Dasypns d-cinctus I found a greater 
proportion of the stomach to the left of the cardia ; the other 
characters were repeated. The duodenum is dilated at its com- 
mencement and is suspended on a fold of peritoneum which 
becomes narrower as the gut descends : after crossing the spine 
the fold again expands to form the mesentery of the rest of the 
intestine. After a length of from 12 to 18 feet the gut suddenly 
expands, and here, in D. peba^ the small intestine seems to enter, 
forming a narrow circular fold Avithin, the larger intestine. The 
former are smooth internally, the latter shows a few longitudinal 
rugie. In Dasypus 6-cinctus the large intestine expands into 
a pair of short, wide pouches, one on each side the insertion of 
the ileum. The terminal orifice of the ileum is a slit Avith tumid 
margins on the middle of the ridge betAveen the Uvo caBca. The 
length of the intestinal canal is 10 fect,^ 

In Orycteropus the lining membraneof the msophagus is smooth; 
the tube terminates at the middle of the lessor curvature of the 
stomach ; the lining membrane of the large cardiac sac is disposed 
in coarse reticulate folds, Avhich become longitudinal tOAvard the 
pyloric end : this is pyriform, Avith a muscular coat increasing to 
a thickness of 8 lines: the mucous coat shoAving strong ruga3, 
with an epithelium. The small intestines are of uiiAVontcd length 
in the present genus, about 37 feet; the lining membrane isAvith- 
out folds, but is beset with long and fine villi, and shoAvs five or six 
elliptic patches of agminate glands in the ileum. The cfecum is 
betAvecn 4 and 5 inches in length ; the colon about 8 feet long, 
and about 4 inches in circumference at the commencement.*^ 

In the Pangolins {Manis) the distinction between the cardiac 
and pyloric portions of the stomach is still more marked ; the 
latter has acquired a greater accession of muscular fibres, and 
their tendinous centres arc externally more conspicuous: the 
structure is made the more gizzard-like by its thick papillose 
cuticular lining. At the middle pf the great curA^ature is a mass 
of complex glandular follicles, the ducts of which intercommuni- 
cate and terminate by a common orifice in the cavity of the 
stomach.^ The valvular protuberance above the pylorus is large. 

^ cxxviii". p. 155. * CXTJX". p. 16. * cxi.vii". p. 182, No. 590 c. 
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There is no caecum. In the great Ant-eater {Mip'mecophaga 
iuhata) the gtoina.cli, fig. 353, presents a spherical form, of about 
8 inches diameter, with a smaller subglobular a 2 )pcndage, as it 
seems, ib. h, h, of about 3 inches diameter, intervening between 
the main cavity, c, c, and the intestine, d. The cesophagiis, a, 

terminates near the middle 
of the uj)pcr surface of the 
main, or cardiac, portion. 
On the middle of both the 
anterior and posterior sur- 
fiices of the stomach is a 
sheet ot tendon, which 
extends from the large 
to the small division of 
the organ, exj)anding upon 
both divisions, but iic- 
quiring ui)on the latter 
its greatest thickness and 
whitest colour. The car- 
diac cavity, c, c, has a 
vascular secreting surface, 
tlie lining membrane being 

o o 

disposed in very numerous 

Stoinac'li of (Ji |. . 

small wavy rugae : the 
larger and ajiparently more permanent folds converge toward 
the aj)erture, /, of the pyloric cavity. The cardiac orifice has 
the form of a narrow, slightly bent crescentic slit. It is 
situated about 3^ inches from the similarly shaped aperture of 
communication between the cardiac and the jiyloric cavities : 
but the margin of this latter aperture is indented, as it were, by 
the ends of the converging folds of the lining membrane, which 
are continued into the pyloric cavity. The pyloric division is 
remarkable for the thickness of its muscular tunic and the density 
of its epithelial lining, which convert it into a veritable gizzard. 
The muscular coat, ib. h, h, varies from 1 inch to ^ an inch in 
thickness ; at the middle of the cavity it is separated from the 
lining membrane by an unusual accumulation of the elastic sub- 
mucous areolar tissue, ?, which is most abundant in the upper 
wall of the cavity A very small proportion only of food can 
enter at one time into this cavity, to be subjected to the triturating 
force of its parietes, operating, with the aid of swallowed particles 
of sand, in the comminution of the unmasticated or imperfectly 
masticated Termites. The area of the pyloric cavity, as exposed 
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by the vertical longitudinal section in fig. 352, appears a mere 
linear, slightly sinuous, tract, with a dilatation near the pylorus, 
due to the valvular protuberance of the upper wall projecting 
toward that aperture. But, when the pyloric cavity is bisected 
transversely, its area presents a crescentic figure, owing to the 
protuberance formed by the thicker muscular tunic, /t, and the 
more abundant submucous elastic tissue, /, in the upper parietes. 
The lower longitudinal plic{e, which commence on the cardiac 
side of the intercommunicating aperture, give* a longitudinally 
ridged character .to the inner surface of the cavity. 

This character is changed near the pylorus for a reticular 
rugosity : the pylorus, when viewed from the duodenal side, pre- 
sents a crescentic form, with the horns of the crescent directed 
upward. The lining membrane of the duodenum soon becomes 
smooth. This intestine is suspended on a broad fold of peritoneum, 
and is continued into the jejunum without being tied by a con- 
traction of the mesentery to the vertebral bodies. The ileum 
dilates rapidly into the colon which commences without a csecal 
projection. The greatest circumference of the- duodenum is 
2| inches : the calibre of the intestinal canal gradually contracts 
to a circumference of 1 inch 9 lines at the jejunum, and recovers 
a circumference of 3 inches near the end of the ileum. The 
colon, within 3 inches of the ileum, has a circumference of 
9^ inches ; and has decreased to a circumference of 6 inches, 
where it forms the rectum, about 9 inches from the anus. 

The inner surface of the duodenum and jejunum is smooth, 
offering no villi to the naked eye. A few short and narrow 
longitudinal folds of the lining membrane, not parallel to but 
following one another, begin to appear in the ileum : these are 
succeeded by one or two longer longitudinal folds, which are soon 
followed by one extending continuously throughout the rest of the 
ileum, along the side of the gut opposite the attachment of the 
mesentery : this fold is from 2 to 3 lines in breadth, is narrowest 
where the canal has been most distended, but is not obliterated by 
the utmost dilatation of the gut ; it is a permanent single longi- 
tudinal production of the vascular lining membrane, and forms the 
chief characteristic of the lower half of the small intestines in 
the Myrmecophaxfn juhata. In this part of the canal there are 
patches of glanduloB agminatte from 1 to 2 inches long, and with 
intervals of about 1 foot. The transition of the ileum into 
the colon is effected by a rapid increase of diameter, viz. from 
1 inch to 2^ inches; by a slight thickening of the muscular 
coat; by the appearance of a few transverse ridges or very low 
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folds of the mucous membrane at the beginning of the colon, 
and not extending round the circumference of the gut ; but the 
boundary of the ileum is not defined by any ileo-colic valve nor 
by any appreciable alteration in the vascularity or otliei structure 
of the mucous membrane in the two divisions of the intestinal 
canal, 'The inner surface of the colon is smooth, finely reticulate, 
with a few very narrow transverse folds, from 1 inch to half 
an inch apart, subsiding for the most part before reaching the 
attached line of the gut; these folds are not obliterated when 
the canal is fully distended ; they commence about 18 inches 
from the ileum, gradually become shorter and narrower, and 
disappear about a foot from the rectum. The longitudinal 
folds of the rectum extend to the margin of the anus, where a 
little dark pigment is developed under the epithelium. The soft 
epithelial-covered integument extends from the fore part of the 
anus to the vulva, which is distant about half an inch. The 
longitudinal muscular fasciculi of the rectum and rectal end of 
the cloaca are strongly marked, and are from one line to one 
line and a half in breadth. The specimen dissected^ measured 
4 feet 7 inches from the snout to the vent : the intestinal canal 
was 34 feet in length, the large intestines being but 4 feet of that 
extent. 

In the little two-toed Anteater the double cascum reappears : ^ but 
each is relatively rather longer than in the six-banded Armadillo. 

In the two-toed Sloth ( CVm- 
loepus) the oesophagus is 
lined by a dense epithelium 
disposed in longitudinal 
folds: it communicates with 
both the first and the second 
compartments of the cardiac 
division of the stomach, fig. 
354. The first compartment 
is the largest, and is subdi- 
vided into a left and right 
portion ; the left, 5, termi- 
nating below in a short caecal appendage, c : its inner sur- 
face is minutely villous and vascular. The right compartment 
of the paunch is partially subdivided into a larger left and a 
smaller right cavity, d, both of which are lined by a continuation 
of the thick epithelium of the oesophagus, the inner surface of 

* viii". p. 121, pis. li, lii, and liii. 

2 i There are two caeca, as in birds,’ ccxxxvi. vol. ii. p. 181. 
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which is minutely wrinkled, but not villous: the thick epithelium 
terminates in a free, minutely jagged border. A groove or canal 
is continued from the cardia along the right side of the incomplete 
septum dividing the right compartment of the paunch, d, and 
curves downward to communicate by a moderately wide crescentic 
aperture with the second or middle division of the stomach, g. 
This division presents the ordinary form of a simple stomach, but 
in a reversed position, i.e. with the great curvature turned toward 
the diaphragm : it communicates with the right compartment of 
the cardiac division by the right extremity of the crescentic oeso- 
phageal aperture, and with the third or pyloric division of the 
stomach by the left extremity of the same canal: a fold formed 
by the lower end of the left wall of the oesophageal groove divides 
these two communications. In the character of its lining mem- 
brane the second division resembles the right compartment of the 
cardiac division, and should be regarded, physiologically, as a 
third subdivision of it. The third, or pyloric cavity, /, has also 
the form of the ordinary simple stomach, but with the great end 
next the pylorus ; the smaller or left end swells out about half 
an inch to the left of the crescentic aperture by which both the 
second cavity and the oesophageal groove communicate with it. 
The thick epithelium is continued over the inner surface of the 
third cavity to the pylorus, increasing in thickness toward that 
part, and taking on a coarse villous character. The thick epi- 
thelium is absent from an oval patch at the great curvature, 
the surface of which is vascular and minutely villous ; about half 
an inch to the left of the free epithelial border of the mucous 
patch, there is the apex of a gland, lodged in a circular fossa, 

1 line in diameter, and closely resembling one of the ^ fossulate 
papillae’ of the tongue. 

The leading character of the stomach in Bruta is one tending 
to compensate for the poor masticating machinery in the mouth, 
indicated by Cuvier’s name of the order. It is, of course, least 
conspicuous in the toothed families : but even in these the 
musculo-tendinous structures at the pyloric portion, and the thick 
epithelium continued over the inner surface of that part in the 
Phyllophagous species, significantly indicate a community of type 
under the mask of the most complex modifications of the digestive 
cavity. The great expanse and subdivision by broad and per- 
manent folds of the cardiac cavity, in fig. 354, simulates the rumi- 
nant stomach : but the position of the vasculo-villous part of the 
lining membrane is similar to that of the more special glandular 

o o 2 
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part in the Manis.' In all Sloths the cluodeniim is loosely sus- 
pended, and is continued without constriction of mesentery into 
the rest of the >small intestines, which is disposed in many short 
convolutions, and enters a short and straight colon, without a 
cjecum. The anus is not distinct from the vulva. 

§ 333. Alimeiitari/ canal of Cetacea. — The first peculiarity to be 
noted in tliis order is the small area of the gullet in the largest 

species, especially in the 
gi’eat Whale-bone Whale 
( Balcena mysticetus^ ; its 
lining membrane is here 
disposed in longitudinal 
folds which close the area 
of the tube in the con- 
tracted state : they are 
coated by a thick irregu- 
larly rugous epithelium, 
and are connected with 
the strong muscular coat 
by a deep layer of elastic 
cellular substance. The 
stomach is complex, di- 
vided into several cavi- 
ties, in all true Cetacea. 

In the Porpoise [Phoccena 
communis), fig. 355, the 
first cavity is continued 
in the same line with the 
oesophagus, having the 

same structure, and not 
being divided from it by 
any sensible constriction ; 
its commencement is in- 
dicated by the orifice 

leading into the second 

Stomacli, liver, and spleeuB, of the Porpoirtp. cxLiv". (From Stomacll, beyOlld wllich 
a draw lug by It. O. the prep, dry, la iu Mus. (’hir.) . „ . . ^ . , , 

orifice it is continued in 
the form of a dilated ovate cavity, ib. a, a. It is lined with a 
cuticle, or thick laminated epithelium, and its inner surface is 

* The fig. 354 has been taken by the writer of ci/'. from cxxii'. vol. xiii. pi. iii., 
fig. 2. The foregoing description is from dissection of the specimen of ChoI(xpm didnr- 
tyhis which died at the London Zoological Gardens, in 1851, and in which the arterie.s 
were previously injected. See cxlvii". p. 167, No. 553 o. 
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beset with small riigas. A number of large irregular projections 
surround the aperture leading to the second cavity, and are 
calculated to prevent the passage therein of any substances save 
such as are of very small size. Notwithstanding the nature of 
the lining membrane the digestive processes are considerably 
advanced in the first cavity, which does not act simply as a reser- 
voir. It is probable that the secretion of the second stomach 
regurgitates into the first and assists in producing the dissolution 
of the fishes, the remains of which are usually found in it. The 
thick epithelial lining terminates abruptly at the small orifice 
leading into the second stomach, ib. b. The interior of this cavity 
presents a series of close-set longitudiixal wavy rugns, laterally 
indented into one another. The internal layer is thick, and 
mainly consists of unusually long gastric tubes perpendicular to 
the two membranes which enclose them. The membrane next 
the cavity of the stomach is smooth: the one external to the fibres 
is a vascular and cellular tunic, and is invested by the layer of 
muscular fibres, continued from the preceding cavity. The com- 
munication with the third stomach is near the lower end of 
cavity, b. The third compartment is a small round vascular 
cavity, into which the second opens obliquely : it is lined by a 
smooth and simple villous tunic : it is not visible exteriorly, and 
does not exceed an inch in length in the Porpoise, but in the 
Hyperobdon is about 5 inches long. The fourth cavity, ib. c, c, 
is long and narrow, and passes in a serpentine course almost like 
an intestine ; the internal surface is smooth and even, but villous. 
It opens on the right side into the duodenum, ib. r/, which is 
much dilated. The pylorus is a smaller opening than that be- 
tween the third and fourth cavities.’ 

In Balcenoptera the oesophagus enters obliquely at the back 
part a little beyond the upper end of the first cavity : the second 
cavity is larger and longer, in proportion to the first, than in 
PhoccBiia : the rugae are longitudinal, very deep, apd hero and 
there united by cross bands. The third cavity is very small, 
and, as in the Porpoise, appears only to be a passage between the 
second and the fourth. The latter is more definitely divided into 
two successive cavities. 

The duodenum commences in all Cetacea^ by so considerable 
a dilatation that it has been reckoned among the divisions of the 
complex stomach. In the Porpoise it soon contracts to the 

* XX. vol. i. p. 175, no. 669 c. This description I appended, together with the other 
paragraphs between brackets, to the Art. CUacea (cli"), the translation of which 
was confided to mo by the Editor. 
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ordinary diameter of the small intestines — about 1 inch : these 
are continued for between 40 and 50 feet to the vent. Broad and 
well-marked longitudinal folds of the lining membrane extend 
along the major part of this course : and the same character obtains 
in other DelphinidcB. In BalcBnoptera the longitudinal folds are 
wavy, run into each other, and are connected by smaller oblique 
or transverse folds : the submucous areolar tissue is very loose 
and abundant. In HyperoUdon the complexity is carried out to 
such a degree as to occasion a sacculated structure of the mucous 
coat through nearly the whole tract of the intestinal canal. 
The orifices of the larger pouches are directed vent-ward: their 
cavity is divided into smaller cells. They begin gradually in 
the duodenum near its last abrupt bend, and subside near the 
anus. 

In BalcBnoptera the ileum opens in a valvular way into a 
comparatively short colon, leaving a coecum of about 7 inches in 
length, and of a simple conical form: in the sj)ecimen 17 feet 
long, of BaL rostrata, dissected by Hunter, he records the length 
of the small intestine at 28^ yards, of the large intestine 2| 
yards and notes that he ^ never found air in the intestines of 
this tribe.’ ^ 

The complicated stomach and long intestinal canal of such car- 
nivorous Cetacea as the Grampus have other relations than to the 
nature of the food : they are necessitated in the present order by 
the amount of nutriment which must be had from it. In no other 
carnivorous mammals is so gi’eat a quantity of blood and fat to 
be obtained from the raw alimentary material : in none are such 
active and extensive molecular changes concerned in the produc- 
tion and maintenance, under adverse external conditions, of so 
high a temperature of the body. The digestive system and pro- 
cesses are therefore perfected in these warm-blooded marine air- 
breathers to meet the contingencies of their aquatic life. 

^ 334. Alimentary canal of Sirenia, — In these more slothful, 
tropical, or sub-tropical marine mammals, although the food is of 
a low vegetable kind, the digestive and assimilative tract differs 
from that of the carnivorous Cetaceans rather by a minor than a 
major degree of complexity. The stomach, it is true, shows 
appended sacculi, special glands, and a subdivision of the general 
cavity, not only through constriction, but by a difference of 
structure in the lining membrane. It is of considerable length, and 
nearly equally divided into a cardiac and pyloric portion. In the 
Manatee the oesophagus terminates at the middle of the cardiac por- 
» ccxxxvi, vol. ii. p. 115. * xciv. p. 361. 
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tion, the left end of which is produced into an elongate obtuse glan- 
dular pouch, communicating with the gastric cavity by an oblique 
slit serving for the j)assage of the secretion. A fold of the lining 
membrane continued from the right of the cardia partially subdi- 
vides the cardiac chamber. A pair of oblong, slightly bent, ob- 
tusely terminated, subpedunculate pouches open near each other 
into the narrow beginning of the pyloric cavity, which, after a 
moderate expansion, gradually contracts to the pylorus.^ 

In the Dugong the oesophagus, fig. 356,/, terminates nearer 
the left end of the cardiac jiortion, from the extremity of which 
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the glandular pouch, ib. j)rojects, but to a less extent and in a 
more conical form than in the Manatee : its gastric end or base 
projects into the stomach as a low circular protuberance with an 
oblique crescentic orifice, which leads to a flattened winding sinus, 
formed by a broad membrane spirally disposed in about eight or 
ten turns, having both surfaces covered with the orifices of fol- 
licles ; and their interspaces filled by the cream-like secretion.* 
The muscular coat covering the spiral gland is 2 lines thick : 
but it quickly increases, as it spreads over the cardiac cavity, ib. 
«, to a thickness of 8 lines, again becoming thinner near the 
pyloric portion. In order to defend the cardiac orifice against 

* The stomach of tlio now extinct horeal Tihi/tina appears from the record left by 
Stoller to have much resembled that in the Manatee: he was struck by its surprising 
size, ‘ 6 feet in length and 6 feet in breadth/ distended with masticated sea-weed. 

2 cxvii". p. 30. A peculiar species of Nematoid worm {^Ascaris Ilalicoris, Ow.) was 
found in this spiral gland. 
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the pressure of the contents of tlie stomach, when acted upon by 
the powerful muscular coat, the ocsojdiagus enters in a valvular 
manner, and is surrounded at its termiiiatioii by a great accession 
of muscular fibres, forming a coat of an inch or more in thickness : 
the outermost of these fibres run longitudinally ; the middle ones 
decussate each other obliquely ; the innermost are circular and 
form a sphincter round the cardia. The diameter of the canal so 
surrounded is but 3 lines and its inner membrane is gathered 
into irregular transverse rugic. That of the cardiac compart- 
ment is puckered up around the cardia, whence a few small 
irregular rugje extend along the lesser curvature and about 
the constriction leading to the pyloric compartment; over the 
rest of the surface the membrane was not folded and was finely 
reticulate. At the constriction, ib. c, there is an accession of 
circular muscular fibres and a valvular j)roduction of the inner 
membrane about 3 lines broad. Immediately beyond this cir- 
cular fold are the orifices of the two ciecal apj)endages, ib. d, 
d ; they are relatively narrower than in the Manatee ; their 
lining membrane is minutely rugous : there were comminuted 
fuci in both; their muscular coat is lines thick; they arc, 
in some Dugongs, of unequal length. The pyloric stomach, 
ib. is long and narrow, and extends a foot beyond the ciecal 
appendages before terminating in the .pylorus, ib. g ; the inner 
membrane presented a few rugie : the cavity is bent upon itself, 
and the terminal part, g, is intestiniforrn, but with thick walls. 
The small intestines, in a half-grown Dugong, presented a length 
of 27 feet and a uniform diameter of 1 inch; they have a 
similar uniformity in the Manatee. In the Dugong the mucous 
membrane, beyond the pylorus, is for a few inches slightly rugous, 
and then becomes disposed in transverse wavy folds ; at 5 inches 
from the pylorus the duodenum receives the biliary and pancreatic 
secretions on a mammillary eminence. Beyond this part the 
transverse rugie are crossed by longitudinal ones, and the surface 
becomes sub-reticulate; this disposition extends along about 6 
feet of the gut, when the transverse disposition subsides, and the 
longitudinal folding prevails throughout the rest of the small in- 
testine. The muscidar coat is 2^ lines thick, the external longi- 
tudinal layer being about half a line. The orifices of intestinal 
follicles arc arranged in a zig-zag line, thus upon 

the mucous surface along the side of the intestine next the me- 
sentery, all the way to the caBcum, fig. 357. Where the ileum, 
ib. a, enters that cavity it is surrounded by a sphincter as thick 
as that at the cardia. The caecum is conical ; in my half-grown 
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subject it was 6 inches long, with a basal diameter of 4 inches. 
The muscular coat rapidly increases toward the apex to a thick- 
ness of one incli : the inner surfiicc is smooth, its capacity trifling 
as compared with the area of the 
rest of the large intestine, to which ‘ 357 

it may be said to act as a kind 
of heart, giving a first Y^owcrful 
impulse to the long column of 
vegetable ^ magma ’ usually dis- 
tending the colon. There is no 
constriction between this gut, c, 
and the ciecum, b. The parietes 
of the colon are thinner than those 
of the small intestine, the inner 
membrane is generally smooth. 

At the wider terminal part of the 
colon there are a few irregular 
folds : for about an inch within 
the anus it is of a dark leaden 
colour, the i)igmentum being con- 
tinued so far beneath the rectal of Dugong. xxvm. 

epithelium. 

The ca 3 ciun of the Manatee is bifid : and the colon at its com- 
mencement Is sub-sacculate. 

§ 335. Alhnentarij canal of Prohoscidia, — In the Elephant the 
stomach presents a simple exterior, but is longer than usual, 
with the cardiac sac much produced and coni(iaI : the lining mem- 
brane of this part is produced into twelve or fourteen broad trans- 
verse folds which ^ do not go (piitc round.’ ^ The duodenum is at 
first loosely suspended and convolute, as in some rodents : it is 
more closely attached at its termination. The mucous coat of the 
jejunum is thrown into small irregular folds, both transverse and 
longitudinal. There are oblong patches of agminate follicles. 
The termination of the ileum projects as a conical valve into the 
ciecum. The longitudinal layer of muscular fibres is continued 
directly from the ileum upon the caecum : but the circular layer 
accompanies the valvular production of the mucous membrane, 
and is there thicker than on the free gut. Tlie large caecum is 
sacculated on tlirce longitudinal bands, which are continued some 
way along the colon. In a young Indian Elephant, about 7 feet 
high at the shoulder, the following were the dimensions of the in- 
testinal canal : — 



ccxxxvi. vol. ii. p. 171. 
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Loiigtli of the small intostinos 
Oircvimfercnee of ditto . 

Length of etnmim .... 

('irenmfovonco of c;ecum 
OireumforiMU ‘0 of colon . 

Length of colon and rectum together 
Total length of intestinal canal, exclusive of the cjccum . 58 6 

§ 836. AUnunitary canal of JPerissodacti/la , — In all this order 
the stomach lias the ordinary simple outward form ; the caicuin 
and large intestine are capacious and sacculatc. In the Tapir ^ 
the (Tsojihagus cuds about one third from the left end of the 
stomach: its thick epithelium is continued for the extent of 
3 inches to the left of the cardia, and for that of 7 inches 
to the right, toward the ])ylorus: the rest of the stomach has 
a compact villous surface with a few narrow well-defined riigin : 
the gastro-mucous membrane increases in thickness, through 
lengthening of the gastric tubidcs, as it nears the ])ylorus. The 
stomach of the Sumatran Tapir presents a similar disposition and 
proportion of the cuticular lining. The jiyloric piirt of the 
stomach shows a tendinous lustre on each side. In one subject 
the length of the stomach in a right line, was 1 foot 8 inches. In 
the duodenum of the American Tajnr, the mucous coat is raised 
into transverse folds, along an extent of gut of about 5 inches : in 
the rest of the small intestines it is smooth and even. In the 
Sumatran species the valvuhe conniventes are continued along a 
greater extent of the beginning of the small intestine, and re- 
a])pear toward the ciccum. The length of this cavity is 1 foot, 
and its greatest breadth the same: it is honeycombed internally, 
and its lining membrane devclojjcs short obtuse processes. The 

length of the small intestines in 
the Sumatran Tapir is 69 feet : 
in the American species 45 feet : 
the length of the large intes- 
tines in the Sumatran Tapir is 
20 feet, but in the American 
kind only 10 feet. The compa- 
rative shortness of the intestinal 
canal in the American Tapir is 
a specific difference not explica- 
ble on any observed or known 
difference of food or habits. 

In all the EquulcB the stomach is simple, differing from that in 
Man by the }>yloric part, fig. 358, </, being less contracted and 

’ The sj)eei(;s dissected were the rommon one {Tapints Anuricanus, Gmolin), clii". 

.j,«J 
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produced beyond the cardiac part : and this distinction is main- 
tained by more important characters of internal structure. The 
oesophagus, />, is inserted at an acute angle into the smaller cur- 
vature, which rather resembles a deep cleft. ‘ The cardiac cul-de- 
sac, c, is very capacious, and is lined throughout internally with a 
thick cuticular layer continuous with the lining of the msophagus, 
and extends toward the pylorus as far as the middle of the 



Colon of tlio Mare in situ, rxxii'. 


cavity, where it terminates abruptly by a jirominent indented 
edge : the interior of the pyloric lialf of the viscus, a, d, presents 
the usual villous mucous surface. The muscular coat of the 
stomach consists of several superimposed layers of fibies that 
cross each other in different directions, some of them being apj)a- 

. ' Vomiting is rare and difficult ; but has been observed in sea-sick liorscs slung on 
board transport -vessels. 
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rently derivations from the muscular bands of the oesophagus.^ 
The alimentary canal is short in comparison with that of the 
Ruminants ; but this want of length, together with the simplicity 
of the stomach, is compensated by the enormous capacity of the 
large intestine, which seems of itself to occupy the whole of the 
abdominal cavity, fig. 359.^ 

Commencing from the pylorus, the duodenum, fig. 358, is 
considerably dilated ; but its diameter soon contracts, and the 
rest of the tract of the small intestines is of pretty equable 
dimensions throughout, or if it presents constrictions here and 
there, they disappear when the gut is distended. The ileum, 
fig. 360, (U terminates in a caecum of enormous bulk, ib. c, c, 

f\ which is separated from 
the commencement of the 
colon by a deep constriction, 
g : the ciecum near its ter- 
mination contracts to an 
obtuse end, />, which is 
usually turned toward the 
diaphragm. It has four lon- 
gitudinal bands. The colon 
itself is throughout its en- 
tire extent proportionately 
voluminous: commencing 

in the right flank, its ample 
folds, fig. 359, a, />, mount upward as far as the diaphragm, 
whence they descend to the left iliac region, where, becoming 
gradually contracted, the great gut terminates in the rectum. 
The ascending portion of the colon, r/, 6, is separated from the 
descending part, c, by a constriction; and the latter forms a 
third remarkable dilatation before it ends in the rectum. The 
whole colon is puckered up into huge sacculi by three longitu- 
dinal muscular bands, which toward the end of the colon are 
reduced to two ; and these expand and coalesce at the beginning 
of the rectum, of which they form the strong outer muscular 
layer. The small intestines are about 56 feet in length : the 
ciccum is 2^ feet in length and about 2 feet in circumference. 
The colon maintains the same circumference to near its termina- 
tion, save that, about a yard from the cjecum, it becomes much 
dilated : its length is 21 icet. 

* At certain seasons the stomach of the Horse is infested with the larvae of a gad-fly 
{QCstrus equi). Daubenton figures tho cavity in this state, cxxi'. pi. v, fig. 2. 

* cxxii'. vol. iv. pis. iv-v. 
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In dissecting the Rhinoceros * I was struck by the general 
resemblance of the abdominal anatomy to that in the Horse. 
The epiploon was not observable when that cavity was exposed, 
the viscera which presented themselves being in immediate con- 
tact with the sustaining parietcs. A single but enormous fold of 
the colon, not less than 2 feet in breadth, formed more than 
one half of the exposed surface of the abdominal viscera: it 
passed obliquely across the middle of the cavity, from the right 
hypochondriac to the left hypogastric or iliac region ; immedi- 
ately below this Avas a smaller fold of colon running |)arallel 
Avith the preceding ; below this was a second fold ; and, occupy- 
ing the right iliac region, a part of the smooth parietcs of the 
ca;cum ajipeared. The colon was not displaced Avithoiit con- 
siderable difficulty, owing to the weight of its contents, and the 
strength of the diiplicatures of the peritoneum attacliing it to the 
spine and contiguous parts. Behind and above the great oblique 
folds of colon lay a short, thin and corrugated epiploon, devoid of 
fat ; and behind and below them Averc several coils of the sinall 
intestines. The length of the great fold of the colon taken in a 
straight line as it lay first exposed Avas 6 feet 6 inches : some 
idea of its capacity may be formed from the fact that the portion 
of the fold next the cajcum could easily contain a man, Avith 
ample room for him to turn about in it. 

The oesophagus extends about 6 inches into the abdomen, 
and terminates at the cardiac orifice about 1 toot 5 inches from 
the left extremity of the stomach. This obtuse sac expands to 
the cardiac orifice, opposite to Avhich the stomach, as in the 
Horse, presents its greatest circumference ; it gradually contracts 
to near the pylorus, on the cardiac side of Avhich the stomach 
shows its smallest circumference ; it then ex])ands into a blind 
end, of a hemispheric form, beyond the pylorus. The length 
of the stomach in a straight line was, in the male, 4 feet^; its 
diameter from the cardia to the opposite part of the great curva- 
ture was 1 foot 10 inches. The small curvature betAveen tlie 
cardia and pylorus was 1 foot 9 inches. There is a glistening 
aponeurotic sheet upon the anterior and posterior surfaces of the 
contracted pyloric end of the stomach. A sheet of Avhite thick 
ei)ithelium, continued from the oesophagus, spreads from the 
cardia over the inner surface of the cardiac portion of the stomach, 
about 1 foot 4 inches along the lesser curvature. This ej)i- 
thelial layer is I line thick, smooth, or Avith very fine rugai on 


‘ A mule and a female of Iihh:oceros hidicHs, Cv.,v". 
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its inner surface, and terminates by a well-defined border, near 
which it is perforated by numerous orifices ot mucous follicles. 
The rest of the inner surface of the stomach presents the usual 
vascular structure, with the minute orifices of gastric tubules. 
There is no crescentic fold or valve at the cardia, as in the horse : 
nor is there any valvular protuberance on the gastric side of the 
pylorus, as in the cow and most ruminants : the thickened rim of 
the pylorus is slightly produced into the duodenum. 

The outer layer of the muscular tunic is one-fourth the thick- 
ness of the inner layer, and becomes thinner over the pyloric end 
of the stomach. The areolo-vascular tunic begins to increase in 
thickness near the termination of the thick epithelium in relation 
to the lodgment of the gastric tubules. 

O o 


The length of the small intestines was 
The eiremnferenee. of the dnodenum 
The circumference* of jejnmini 
• The circumference of ileum . 


lihwoceros indicus. 
rrmalc. ]Uale. 


50 feet. 65 feet. 

8 inches. 10 inches 

6 inches. 8 inches 

7 inches. 9 inches 


The lining membrane of the duodenum, at the beginning of 
that gut, is ])uckercd up into small irregular rugai: flattened 
triangular processes begin to make their appearance about 
6 inches from the pylorus; in the jejunum three or four of these 
processes are often supported on a common base ; as they approach 
the ileum they begin to lose breadth, and gain, in length, until 
they assume the appearance, near the end of tlie ileum, of vermi- 
form processes, like tags of worsted, from two-thirds of an inch to 
an inch in length. Intestinal follicles are scattered here and 
there ; a conspicuous reticular agminate patch was situated close 
to the end of the ileum. The small intestines have nearly the 
same disposition as in the Horse ; they arc suspended by a short 
mesentery, in which the anastomosing arteries form only one 
series of arches. The mucous membrane of the ileum projects in 
the form of a circular fold within the caicum ; but it seems ineffi- 
cient as a valve for preventing regurgitation of at least fluid 
matters from the large intestines. The length of the csecum 
from this orifice to its blind extremity in the male Khinoceros 
was 3 feet, and its greatest circumference was 4^ feet. In 
the female Rhinoceros the length of the ciecuin was 2 feet ; 
its circumference 2 feet 6 inches ; these proportions to the colon 
and the rest of the intestinal canal being rather less than in the 
Horse. The anterior surface of the caecum is traversed longitu- 
dinally by a fibrous band, 4 inches broad, upon which it is 
slightly sacculated ; a second band appears, nearer the colon. Its 
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lining membrane is puckered up into innumerable irregular 
small transverse rugje, which appear, however, to be but tempo- 
rary foldings of the mucous membrane, and are easily obliterated 
when this is stretched. The colon for the first 4 feet of its 
extent is puckered up upon three longitudinal bands into sacculi, 
each about 5 inches long : it is here suddenly bent upon itself, 
forming the long and large fold, the two parts of which are very 
closely connected to each other ; and here it dilates into the very 
wide portion which forms the most prominent object on laying 
open the abdomen; the beginning of this dilatation is also closely 
adherent by its posterior surface to the oj)positc surface of the 
beginning of the caecum. The circumference of this jiart of the 
colon (which, if its capacity was not due to accidental accumu- 
lation of alimentary matter, might be regarded as representing a 
second caecum or reservoir) is 5 feet : beyond this fold the colon 
becomes gradually narrower, its smallest circumference being 20 
inches, where it passes into the rectum, which forms several short 
convolutions before its termination. 

nhinoceros indicus. 

Ffiiialp. Malt'. 

Tho entire length of the colon was . . . 19 feet. 2 o feet. 

Tlie entire length of the rectum ... 3 feet. o feet. 

The total length of the intestinal canal, including the caicum, 
was in the female 73 feet; in the male 96 feet, or eight times the 
length of the entire animal. The circumference of the rectum 
was 10 inches in the female, and 16 inches in the male; but it 
widens toward the anus. The masses in which the fieces arc 
discharged from the immense receptacles formed by the large 
intestine, are greater than in the Elephant, and arc softer 
and more amorphous. The longitudinal muscular fibres of the 
rectum are developed into powerful fasciculi. The contrast 
between these fibres and those of the external sphincter is well 
marked, the latter presenting the striated character of voluntary 
muscles. 

In the little Hyrax, as in the Rhinoceros, the chief feature of 
the abdominal viscera is due to what Pallas justly calls ‘ insignis 
crassorum intesti norum apparatus but there are complexities of 
the large gut superadded to those in other Perissodactyles. The 
(esophagus has a course of 2 inches in the abdomen : it termi- 
nates in the same relative position to the stomach as in the 
Rhinoceros. Two-thirds of the cavity are lined by a thick, white, 
wrinkled epithelium ; the stomach is bent upon itself where this 
lining ceases. 

The duodenum is not so loosely connected with the back part 
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of the abdomen as in most Rodentia ; but it has throughout its 
course an entire investment of peritoneum. It descends in front 
of the right kidney for 4 inches, and then suddenly returns 
upon itself, passing behind the ascending colon, and runs along 
the middle of the spine as high as the stomach, where it becomes 
a loose intestine, or jejunum. The small intestines are about 8 
lines in diameter, and present, internally, a series of about 
twelve small pouches, distant from 3 to 5 inches from e^eh other, 
about 3 lines in diameter and the same in depth, their orifices 
pointing toward the emeum. These pouches make no projection 
externally, being situated wholly beneath the muscular coat. 
They consist of duplicatiircs of the mucous membrane, and are 
surrounded by the agminate follicles, which open into them by 
numerous orifices. Their use would appear to be to prevent 
the secretion of these glands being mixed as soon as formed 
with the chyme, but, by retaining it, to alter its <pialitics in 
some degree.^ The rest of the inner surface of the small in- 
testines is beset with long and fine villi. For the extent of 
about a foot from the commencement of the small intestines 
I found that many of these villi terminated in a black point. 
The length of the small intestines is 4 feet 6 inches. 

The csecum is sacculated, and in form like that of the Tapir, 
its magnitude arising more from its breadth than its length. Its 
length from the orifice of the ileum is 3 inches, its circumfe- 
rence 8 inches. The colon gradually diminishes as it leaves 
the cjccum, 4 inches from which its diameter is nearly that of 
the small intestines : the dilated part of the colon is bent in a 
sigmoid form, and the remainder is convoluted on a broad meso- 
colon, and at a distance of 2 feet from the dilated part (when 
unravelled) terminates between two conical cieca in a second 
dilated intestine. Each of these lower eajca is an inch and a 
half in diameter at its base, and gradually contracts till it termi- 
nates in a glandular vermiform appendage about half an inch 
long, and 2 lines in diameter. The intestine eontinued from 
these is 3 inches in diameter, but also gradually (contracts, 
so that at a distance of 6 inches it also becomes as small as the 
small intestines. The whole length of this intestine, or second 
colon, is 2 feet 6 inches; making the length of the whole 
intestinal canal, exclusive of the cajca, 9 feet 4 inches, or 
about six times the length of the animal. Notwithstanding the 
complexity of the intestinal canal, it is suspended from a single 
continuous duplicature of the peritoneum advancing from the 

' p. 203. 
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bodies of the vertebne and extending from the beginning of the 
jejunum to the rectum. 

§ 337. Alimentary canal of Artiodactyla . — In this order the 
stomach is the usual seat of comj^lication ; the ca 3 cum is simple. 
The Hogs present the least complex form of stomach. 

The epithelium continued from the a^sophagus into the cardiac 
end is unusually dense : and the part to the left of the gullet is 
more distinct and pouch-like than in the ordinary simple stomachs ; 
the remaining, and larger portion of the stomach has its soft and 
vascular lining membrane thrown into many ruga),, ^ Where the 
oesophagus enters there is a doubling of the stomach on the left 
which would seem as if designed to conduct the food toward the 
pylorus : and there is another doubling of the great end, at that 
surface where the oesojhagus enters, as it were, dividing the 
great end from the rest of the stomach.’ * In short, one may 
plainly discern the initial steps in the modifications for affecting 
the course of the food which culminate in the ruminants. On 
the left side of the cardia the hard einthclium extends as far as a 
ridge which partially divides the general cavity of the stomach 
from the small blind pouch at that end : on the right side the 
cuticle terminates at the ridge formed by the angle between the 
cardiac and pyloric portions of the cavity ; the muscular tunic of 
the latter portion is very thick. The jjylorus is defended by an 
oval protuberance. 

In the Babyroussa the cardiac portion to the left of the gullet 
is much more extensive than in the common Hog: and develops 
a more distinct blind pouch, curved and of smaller calibre than 
the rest of the cardiac end. The epithelium of the margin of the 
cardiac orifice gives off small j)rocesses, and these also appear as 
tubercles in the cardiac pouch. The pyloric part of the stomach 
is marked by the thickness of its walls ; its mucous surface is 
reticulate. In the Peccary {Dicotyles torquatus^ the stomach is 
divided into three compartments by the inward production of 
two broad ridges, which are situated, one to the left, and the 
other to the right of the cardiac orifice, like the narrower ones in 
the stomach of the Ilog. The cardiac division of the stomach is 
greatly extended in the transverse direction, and terminates in 
two moderately elongated blind pouches. This division com- 
municates with the middle compartment by a broad circular 
aperture. The cesophagus opens into the middle compartment, 
which is of less extent than the preceding, and communicates by 

* ccxxxvi. vol. ii. p. 120, 
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a smaller transverse aperture with the pyloric division. Tlie 
whole of the middle compartment is lined with laminate epi- 
thelium continued from tlie oesophagus, and this is extended a 
short Avay into both the cardiac and pyloric divisions. But the 
greater part of the cardiac cavity, with the two cnUde^sacs^ being 
lined by a vascular and villous membrane, proves that it has a 
greater share in the digestive processes than as a mere prepa- 
ratory receptacle. Both muscular and gastro-mucous coats of 
the pyloric cavity are remarkably thick ; and the pyloric valvular 
protuberance is well defined. 

Daubenton ^ has left the following record of the structure of 
the stomach in a foetal Hippopotamus. Externally it appeared 
to be composed of three parts ; the principal portion, extending 
from the cardiac extremity to the pylorus, was much elongated, 
resembling more a portion of intestine than an ordinary gastric 
receptacle. Besides this central part, extending from the oeso- 
phagus to the pyloric valve, wxre two long appendages like two 
caecuins, one arising on the right side of the cardia and running 
along the exteifior of the stomach throughout almost its entire 
length, and then folding backivard, the other and shorter cuUde- 
sac issuing from the posterior aspect of the cardiac extremity of 
the stomach and projecting toward the right side. The interior 
of this stomach is so divided by septa, that food coming into this 
viscus through the oesophagus may pass by different channels, 
either into the central portion, which seems properly entitled to 
the name of stomach, or into either of the great diverticula 
appended to it. The inferior walls of the central stomach have 
nine or ten cavities in them, something like those of the Camel 
and Dromedary. The lining membrane both of the stomach and 
diverticula is granular and wrinkled except near the pylorus, 
where the parietes become smooth and folded into numerous 
plicae somewhat resembling those of the third stomach of a 
ruminant. 

Professor Vrolik ^ received from the Cape of Good Hope 
drawings of the viscera of a half-grown Hippopotamus, and states 
that they showed two pouches on each side of the cardia, which 
communicate with a large pouch the cavity of which is divided 
transversely by numerous folds, like valves : between that large 
cavity and the pylorus there is a narrow appendage which opens 
at the pylorus : this latter appendage is not indicated in Dau- 
benton’s figures or description. Thus, the stomach resembles that 


^ cxxii'. toin. xii, p. r5o, pi. iv. 
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of the Peccary, with the exception of the greater length and trans- 
verse ridges in the middle portion of the cavity. I long ago 
expected the opportunity of testing and supplementing these 
descriptions by dissection of the stomach of the full-grown 
animal : but the Hippopotamus received at the Zoological Gardens 
in 1850 still lives, in good health (1867), to the credit of that 
noble and well-administered establishment. 

The stomach of ruminant Artiodactyles is divided into cavities 
so distinct in boundary, structure, and function, that they have 
received special names. The first, called ^ rumen,’ or ^ paunch,’ ‘ 
is the largest, forming a capacious reservoir ; its inner surface is 
commonly villous: that of the second cavity, called ^ reticulum,’ 
is divided into small compartments or cells, mostly hexagonal in 
form : the third cavity is occupied by broad longitudinal folds, 
like the leaves of a book, whence the name ^ psalterium ’ ; ^ it is 
the least constant of the divisions : the fourth and last cavity, 

^ abomasus,’ ^ has the usual structure of the true digestive stomach, 
with a vascular and finely tubular gastro-mucous inner coat. 

In a pigmy Musk-Deer (^Traguhis Kanchil), the paunch is 
of a subglobular form, partially divided into three chambers by 
the folding inwards of the parietes, forming prominent ridges : 
the inner surface is beset with filamentary villi, covered by dense 
epithelium. The second cavity, or reticulum, is less distinctly 
separated from the rumen than usual : the cells are very shallow, 
and are lined by dense epithelium. The passage leading from 
the oesophagus to the third cavity is bounded by two low parallel 
ridges : the longitudinal lamellae which are characteristic of this 
cavity in other ruminants are wanting, but as it possesses the 
dense epithelium, it may be regarded as a rudimentary form of 
^ psalterium : ’ it is partially separated from the fourth cavity by 
a semilunar fold. This cavity has a smooth gastro-mucous mem- 
brane : the muscular tunic is thickest at the pyloric end, where 
a. small valvular protuberance projects above the orifice leading 
to the intestine. This least complex condition of the true rumi- 
nant stomach represents a stage in its development in the larger 
species. 

The next modification is more simple than the true ruminant 
stomach in some essential characters, but more complex in acces- 

^ Syn. ‘ ponula,’ ‘ I’herbier/ * la double,’ (fig. 362, i.) 

* Syn. ‘ bonnet,’ ‘ r«5seau,’ ‘ honey-comb-bag,’ ‘ water-bag,’ (ib. c.) 

® Syn. * centipellis,’ * maniplus,’ ‘ le feuillet,’ ‘ omasus,’ (ib. d.) 

^ Syn. ‘ la caillotte,’ ‘ rennet-bag,’ (ib. e.) 
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sory particulars : it is presented by the CamelidcB^ and will be 
first described as it appears in the stomach of a foetal Llama 
{Auclienia Glama, Desm.). Like the stomach of Tragulus^ the 
psalterium is less distinctly separated from the abomasus, and at 
this early period of existence it exhibits in the Llama a similar 
deficiency of tlie characteristic longitudinal laminae ; but it is also 
devoid of the dense epithelium. The reticulum, however, is much 
more complex, each of the larger alveoli being developed into many 
smaller ones, — a structure partially indicated in the reticulum of 
the Goat, and more strongly marked in that of the Ox. There 
are, moreover, two groups of cells developed from distant parts 
of the rumen, which differ from those of the reticulum in being 
shallower and being visible from Avithout, giving a sacculated 
character to those parts of the paunch. The rumen has the dense 
epithelial lining, but is destitute of the villi which (jharacterise it 
in the horned ruminants. It is partially divided into two com- 
partments by a strong fasciculus of muscular fibres, which, com- 
mencing on the left side of the cardiac orifice, traverses the paunch 
longitudinally. On the right side of this ridge, about fourteen 
smaller muscular fasciculi pass off at right angles, and these ridges 
are connected by still smaller fasciculi, running transversely be- 
tween them, at definite distances from each other; the quadr- 
angular s])aces which result from the above arrangement of 
fasciculi are partly closed by a production of the lining membrane, 
leaving a circular aperture in the centre of each square for the 
passage of liquids into the cells beneath. The compartment of 
the ])aunch, to the left of the great longitudinal ridge, terminates 
in two sacculi, at what may be considered the cardiac extremity. 
The sacculus nearest the cesophagus is simple ; the one farthest 
from it is developed into a series of cells, of a smaller size, but of 
precisely similar construction to those on the opposite side of the 
paunch, — a series of smaller muscular bands 2)assing off* at right 
angles from the larger one Avhich separates the two sacculi, and 
these lesser bands being connected by transverse fasciculi, in the 
intervals of which the cells are developed. The reticulum or 
Avater-bag, shoAvs that the cells are situated betAveen a series of 
parallel muscular fasciculi, as in the rumen ; but their further 
subdivision is carried to a greater extent, and their orifices arc* 
not guarded by membranous productions. The dense epithelium 
is not continued into this cavity : its muscular coat is so disposed 
that the exterior is smooth and uniform, and the cells are scarcely 
visible from without. A muscular ridge, longitudinal at the end 
of the oesophagus, Avinds round the iq^per part of the reticulum 
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to terminate at the orifice of the psalterium. By the contraction 
of this fasciculus^ all communication between the first two cavities 
and the oesophagus is cut off, and food is conducted into the third 
cavity. A slighter degree of contraction cuts off the communi- 
cation with the rumen, and allows the passage of fluids direct into 
the reticulum or water-bag, which probably takes place when the 
Camel or Llama drinks. A free communication, however, subsists 
between the water-bag and paunch. The oblique canal leading 
to the third cavity, forms, in the Camel, a small sacculus, dis- 
tinct from, and intervening between, the reticulum and psalte- 
rium : it is not so distinct in the Llama ; but on a close inspection, 
the inner membrane nearest the orifice above mentioned may be 
seen to be produced into ridges, which are arranged in a reti- 
culate or alveolar form ; and as a similar structure is more dis- 
tinctly observable in the Camel, this cavity was considered by 
Laubenton as the homologue of the reticulum, and the water- 
bag as a peculiar superaddition. The remainder of the stomach, 
in the foetal Llama, may be seen to form one elongated con- 
tinuous cavity, bent upon itself at its lower third, without ruga3 
or laminae ; the latter being after- 
wards developed at the cardiac 
half of this cavity. The pylorus 
is a small transverse aperture, 
j)rotected above by a large oval 
protuberance. The duodenum is 
considerably dilated at its com- 
mencement. 

The cuticular villi are not de- 
veloped in the paunch at any age 
or in any species of the Camel- 
id(£.\ but the ai3pended pouches, 
fig. 361, augment in relative size. 

They are arranged, as in Au- 
cheniay in two groups — one on 
the right, the other on the left 
side ; the former being the larger, and in the adult Dromedary 
measuring about one foot and a half in length, and six inches in 
breadth. The cells of each group are disposed in })arallel rows, 
separated from one another by strong muscular bundles, given 
off from a single large band of fibres which commences at the 
cardiac extremity of the rumen, and proceeds in a longitudinal 
direction, dividing the entire cavity into two compai'tments. 
The muscular fasciculi are arranged transversely, and give off 


361 
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secondary bundles at right angles and regular intervals, so that 
the orifice of each sacculus, of a square-shape when not con- 
tracted, is guarded by a powerful sphincter. Some of the 
cells are more complicated than others, being subdivided into 
numerous loculi by folds of the lining membrane. The largest 
of the reservoirs in the adult Dromedary, when dilated, have a 
depth and width of about three inches. The second cavity, or 
reticulum, has not the dense ej)ithelial lining in either Dromedary 
or Camel : the muscular longitudinal fasciculi forming the prin- 
cipal ridges between the cells are less thick than the correspond- 
ing ones of the paunch-cells : the middle fibres in each become 
tendinous in the Llama; but the transverse fasciculi continue 
muscular, and spread over the circumference of the cells, con- 
tinuously witli the general muscular tunic of the cavity. In the 
Camel the tendinous character is not obvious in the fasciculi which 
close the primary cells of the reticulum. This cavity and the 
paunch freely intercommunicate, and both have the same relation 
to the oesophagus, as in true ruminants. The muscular channel 
also exists for conveying the ruminated or reinasticated food past 
them, to a small third unlaminated cavity in the Camel, through 
whieh it passes to the last or true stomach. This, however, is 
divided by a modification of the lining membrane into two parts : 
in the first the membrane is produced into many parallel longi- 
tudinal folds, not covered by laminate epithelium, and gradually 
subsiding into the ordinary ruga3 of the lining membrane of the 
rest or pyloric part of the true stomach : there may be a slight 
constriction between the parts of the stomach above modified. 
The pyloric protuberance exists in the Camels. 

The experiments of Clift* proved the direct transit of Avater 
drunk by the Camel into the reticulum, wdiere it was found 
‘ pure,’ and also into the apj^ended cells of the rumen, wdiere it 
Avas discoloured : while the concurrent testimonies of travellers 
in the arid regions traversed by this animal establish its power of 
there retaining water, as in a reservoir, for some days. 

In true or ordinary Ruminants the muscular fibres of the oeso- 
phagus are disposed on two layers of spirals, taking reverse direc- 
tions, wdiich decussate at one or other of two opposite longitudinal 
lines : the outer layer contains more muscular and less cellular 
tissue than the inner one : the fibres of both are of the striated 
kind ; and, as is usual where such are in more habitual and ener- 
getic action, they have a redder colour than in non-ruminating 
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mammals. In the Giraffe the outer layer is more transversely 
disposed than the opposite spirals of the inner layer. The mucous 
membrane of the cesophagus is thick and firm ; it is lined by a 
smooth and dense epithelium, and is connected to the muscular 
coat by a very lax cellular membrane. The entire tube in the 
Giraffe is remarkable for its length, and well displays in the liv- 
ing animal the rapidity with which the bolus is shot upward to be 
remasticated. 

The food when first gathered into the mouth is subject in all 
Kuminants to a coarse and bilef mastication, and is swallowed 
without interruption of the act of grazing or browsing: the coarse 
bolus pushes open the lips of the groove, fig. 362, and at once 
enters the first cavity of the stomach, ib. h ; water that may be 
drank finds its way mainly, as in the Camel, into the cells of the 





second cavity, v. The paunch is most cai)acious, is usually bifid, 
and the thick epithelium is continued over its inner surface, 
which is multiplied by close-set villiform processes. In the 
Giraffe, though varying at some parts of the paunch, they are, in 
the main, more regular and uniform in their size and shape than 
in the Ox ; they are relatively narrower and longer ; their mar- 
gins are thickened but entire, not notched, and they beco\ne ex- 
panded and rounded at their free extremity, instead of tapering 
to a point, as in many parts of the paunch of the Ox : they re- 
semble more those of the Reindeer. In the Sheep the villi are 
flattened and expanded at the end : in the Reindeer they are 
longitudinally plicated : they are larger and coarser in the Bison 
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than in the Ox : in the Goat they are elongate and spatulate, but 
become shorter as they approach the reticulum. 

There is more variety^ however, among the horned Ruminants, 
in the form and depth of the cells of the reticulum, fig. 362, r, 
and these modifications mainly relate to differences in the power 
of retaining fluids. The structure of the Reindeer’s stomach 
exemplifies this relation : the snow which must be swallowed 
with the lichens through a great part of the year would render 
any reservoir for water unnecessary, and the cells in the reticulum 
are remarkably shallow. The same structure also obtains in the 
Giraffe sustained by juicy leaves and buds : the cells are not, 
however, as has been stated, entirely wanting ; but their hexa- 
gonal boundaries appear as mere raised lines supporting a row of 
pyramidal papilla3 larger than those in the interspaces : for any 
imaginable use they might have been arranged in any other, even 
the most irregular, forms ; but that pattern is closely adhered to, 
which grouping together a number of cells in the least possible 
space renders necessary in other Ruminants, and which is almost 
universal in nature. In the Goat some of the hexagonal cells are 
divided into smaller cells. In the Ox the deep cells are chiefly 
disposed between broad parallel septa : and these are also divided 
into smaller cells. 

The food is subject to a rotatory movement in the paunch,^ 
and is brought, successively, in this course, to be moistened by the 
fluid of the reticulum. If a Ruminant be alarmed in his pasture 
or browsing ground, it can transj)ort the mass of hastily swallowed 
food in the paunch, as in a receptacle, to a place of safety and 
concealment, and there, the animal, at rest, can complete the act 
of digestion. This is done by the abstraction of the softer portion 
of the macerated food, successively bi'ought within the grasp of 
the muscular walls of the groove, fig. 362, where it is moulded 
into a bolus and transferred by an antij)eristaltic action of the 
muscular coat of the cesophagus to the mouth. It is there subjected 
to a longer and better process of mastication than at first ; and, 
being mixed more thoroughly with the saliva and other fluids of 
the mouth, it is a second time swallowed. The soft mass is now 
less fit to push its way out of the oesophageal groove; but, the mus- 
cular walls being stimulated to contract, they close the entry to 


* The arrangement of the outer hairs in the agglutinated masses called ‘segagro- 
piles/ occasionally found in the paunch, is the effect of this movement : the peculiar 
concretions called ‘ bozoars’ arc most commonly found in the paunch of Antelopes; 
and are probably due to the long sojourn in recesses of that receptacle of parts of the 
gummy shrubs on which they browse. 
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the first and second cavities, and, drawing that of the psalterium, 
ib. J, nearer to the gullet, conduct the remasticated bolus into 
the third cavity, the deep parallel crescentic folds of the lining 
membrane of which occupy almost its whole area : tfie thick epi- 
thelium is continued upon these folds. In the psalterium of the 
Giraffe, between each two iiarrow folds there is alternately one of 
great and one of moderate breadth, as in the Ox : * these lamella3 
are beset with short pyriform papillae. The bolus is squeezed into 
the interspaces, deprived of the superfluous alkaline fluid, and is 
j)assed on in a less dilute state to undergo the action of the true 
digestive acid secretion of the fourth and last compartment, ib. e. 
The communication between this cavity and the psalterium is 
wider than between the latter and the cesophageal groove : but 
the distinction is marked by the abrupt termination of the thick 
epithelium. The vascular and finely villous lining of the abomasus 
is usually thrown into large oblique wavy ruga? ; which subside 
toward the pylorus. In the Giraffe these rugae are slightly de- 
veloped and chiefly longitudinal; the jiylorus is protected by a 
valvular protuberance placed above it, as in other Kuminants, just 
within the stomach ; this protuberance is relatively smaller than 
in the Llama. 

When the Giraffe ruminates, it masticates the bolus for about 
fifty seconds, applying to it from forty to fifty movements of the 
lower jaw, and then swallows it : after an interval of three or 
four seconds a second bolus is regurgitated. A slight contraction 
of the a1)dominal parietes accompanies the action of the stomach 
by which the regurgitation is commenced. This action of the 
abdominal parietes in rumination is much stronger in the Camel. 
The Cainelidic differ from the true Ruminants in the mode in 
which the cud is chewed; it is ground alternately in opposite 
directions from side to side; in Oxen, Sheep, Antelopes, and 
Deer, the lower jaAV is ground against the upper by a uniform 
rotatory motion ; the moA^ements may be from right to left, or 
from left to right, but they are never regularly alternate through- 
out the masticatory j)roccss as in the Camels. 

In the sucking Ruminants the first and second cavities of the 
stomach are relatively small, collajAsed, and the milk floAvs almost 
wholly, at once, into the psalterium and abomasus. The lamina3 
of the psalterium are early developed in the foetal calf. 

In all Artiodactyles the duodenum is dilated at its commence- 
ment ; it there forms a distinct pouch in the Camel. The gut 

* In this ruminant Banbenton counted 24 large folds, and each intersimce included 
one middle sized and two small folds, ninety-six in all. ccxxii", tome iA'. p. 494, 
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is loosely suspended. In the Hog it adheres to the back part of 
the ascending colon before bending forward to become jejunum : 
the small intestines form numerous short convolutions : their 
lining membrane is not produced into folds. Hunter found 
them twenty times the length of the body of the domestic Hog : 
they are much shorter in the Wild Boar. The ciecum is about 
four inches in length and an inch in diameter, lying loose, but 
attached by a peritoneal fold to the ileum. The colon in part of 
its course is disposed in five spiral coils ^ like a screw, coming 
nearer the centre; at the end of which it is bent ' back upon 
itself, passing between the former turns as far as the first, 
but in this retrograde course it gets nearer the centre of the 
screw, so that it is entirely hid at last, then makes a quick turn 

upward, as high 
as the first spiral 
turn : thence it 
crosses the spine 
before the mesen- 
tery, adhering to 
the lower surface 
of the pancreas, 
and, as it were, 
inclosing the fore 
])art of the root 
of the mesentery : 
then passes down 
before the duode- 
num, gets behind 
the bladder and 
forms the rec- 
tum.’^ 

The spiral turns 
of the colon, above 
described, form 
one of the cha- 
racteristics of the 
Artiodactyle or- 
der : they are re- 
presented, as they 
appear in the Sheep, in fig. 363. The ileo-caecal valve consists 
of two semilunar folds in the Hog. The caecum of the Babyroussa 
consists of an expanded, sub-bisacculate part and a narrower short 

' ccxxxvi. ii. p. 121. 



Intestines of the Sheep, xori' 



ALIMENTARY CANAL OF ARTIODACIYLA. 


475 


straight obtusely terminated part. The caecum of the peccary is 
similar but less capacious, and more pointed at the end. 

In Ruminants the small intestines, of almost uniform calibre, 
are suspended in short convolutions upon a broad mesentery, fig. 
363, a, b. In many species the agminate follicles are lodged, as in 
Hyrax/m fossae of the mucous membrane,* fig. 364. The ca 0 cum, 
fig. 363, c, is of a simple oblong form : a patch of follicles, usually 
lodged in a pouched recess,^ is situ- 
ated near the ileo-caecal orifice. This 
is surrounded by a circular ridge; 
the caecum is less dilated in the 
Vicugna than in the Sheep. In the 
(lii'afte, also, the caecum is a simple 
cylindrical gut : it is about two feet 
in length and six inches in circum- 
ference : it extends downward from 
>vhcre the ileum enters, and its blind 
end appears on the left side above 
•the pelvis; but this position might 
be accidental as its connections are 
loose. Tlie ileum terminates by a 
circular tumid lip within the caecum,^ 
fig. 365, a ; the contiguous glandular 
cavity is sacculate. The disposition 
of the colon resembles tliat of the 
Deer. The extent of this intestine, 
before it begins to make the spiral 
turns, is about eight feet; it becomes narrower where it takes 
on this characteristic disposition, and the separation of the 
ficces into pellets begins at the end of this j)art. The spiral 
coils are situated to the left of the root of the mesentery, 
which, with the small intestines, must be turned to the right in 
order to bring them into view : there are four complete gyrations 
in one direction, and four reverse coils in the interspaces of the 
preceding, the gut being bent back upon itself : the length of 
this part of the intestine when unravelled is about fourteen feet. 
The spiral coils are not on the same plane, but form a depressed 
and oblique cone, whose concavity is next the mesentery. The 
colon, emerging from its coils, passes to the right, behind the root 
of the mesentery, becomes connected with the duodenum and the 

• CXLVII". vol. i. 2nd cd. (1852) p. 229, No. 760 a, and No. 760 d {Camclus). 
cxLVii". vol. i. p. 220, Noi. 726 c {Vicugna) 726 d (Llama) p. 221. 

® xevir. p. 227. • 
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first part of its own course, then winds round to the left of the 
mesentery, and finally recedes backward and descends to form 
the rectum. In those JRuminaiits, as the Ox, which have soft 
undivided faeces, the coils are less numerous and regular ; the 
caecum is between two and three feet long in the Ox ; it is sub- 
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Ilco-cfPcal valve and contiguous agminate follicles, Giraffe, xcvi'. 


bifid at the end in the Buffalo : the colon is shorter and wider 
in both, than in the Giraffe, Deer, Sheep and Goat tribes, where 
the faeces are expelled in small pellets. In such Ruminants the 
anus is a more contracted aperture than in the Bo vines or in 
•Perissodactyles. 
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The herbivorous Mammals differ from the carnivorous more in 
the character of their large than of their small intestines. The 
less putrefactive nature of their food renders it susceptible of a 
longer retention in the body ; and the rcceptacular and sacculate 
structures, and convolute extension, of the large intestines seem 
especially designed to retard the course of the alimentary sub- 
stances. In the anomalous instance in a Human body, recorded 
by Abernethy, of a reduction of the length of the small intes- 
tine to about two feet, the compensation was effected by an un- 
usual length and size of tlie colon. The condition of the subject 
^ showed that nutrition was not scantily supplied.’ ^ Dupuytren 
noticed in a patient who had an artifical anus near the end of the 
small intestines, that the vegetable parts of the food thence 
ejected were undigested. Dr. Beaumont also observed that the 
vegetable substances underwent much less change than the 
animal substances in the stomach of the man (Alexis) with the 
fistulous opening into the stomach. That organ in the Artio- 
dactyles (Peccary, Hippopotamus, and Ruminants) is rendered 
specially comjjlex for overcoming the difficulty, and the ciecuni 
and colon are comparatively small : but in the Perissodactyles 
(Horse, Tapir, Rhinoceros) the more simple stomach is compen- 
sated by the increased capacity and complexity of the large 
intestines. The subdivided stomach in the Sloths is in some 
respects, as e. g. the glandular aiJpendage, and vascular secern- 
ing surface of the paunch, more complex than that of Ruminants : 
and here accordingly we find the caecum absent and the colon 
undefined. The Dormouse and other hybernating Rodents are 
far from being the sole exceptions to the presence of a propor- 
tionally large caecum in herbivorous quadrupeds ; such receptacle 
is only found in those species, in which, through the necessity of 
a correlation with other circumstances than that of the nature of 
the food, the stomach retains the simple form and moderate size 
of that of the carnivorous or omnivorous mammals. Comparative 
Anatomy demonstrates that neither a complex stomach nor a large 
cajcum is essential to the digestion of vegetable food: but it 
teaches that a capacious and complex alimentary canal, as a whole, 
is related to that purpose, at least in the Mammalia. Either a 
highly-developed and concentrated glandular apparatus must be 
added to the stomach, as in the Dormouse, Wombat and Beaver; 
or the stomach must be amplified, subdivided or sacculated, as in 
the Ruminants and herbivorous Marsupials ; or both complexities 
must be combined, as in the Sloths, Dugongs and Manatees ; or, 

* cxLVi". p. 63. 
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if a simple condition of stomach is retained, it must be compen- 
sated by a large sacculated colon and cieciim. 

§ 338. Liver of Mammalia , — The liver, as a rule, is divided 
into a greater number of lobes in the present than in the pre- 
ceding classes, the body being more flexuous at the seat of the 
viscus. In the stifF-trunked Whales and erectly-moving Man the 
organ is more compact : and it is least subdivided in the purely 
herbivorous Ungulates where a minor degree of hydrocarbonates 
has to be eliminated. Thus, in a full-sized Giraffe, the liver 
weighed but 6 lbs. lloz. avoirdupois ; it was of a flattened, wedge- 
like form, consisting of one lobe, with a small posterior Spigelian 
process; its greatest breadth was 12 inches; its dorso-ventral 
diameter, 8 inches. The postcaval vein passed through a notch 
at the posterior edge of the liver, and did not perforate it. In 
all Euminants the liver is confined to the right hypochondriac 
and epigastric regions. In most, two lateral lobes are indicated 
by a small fissure at the entry of the suspensory ligament. In 
the Ox, the main part to the right is partially subdivided into 
two, w’ith the ^ Spigelian ’ process from the back part of the right 
subdivision: with a breadth of 13 inches and a dorso-ventral 
diameter of 10 inches, the greatest thickness does not exceed 
3 inches. In the Camelidce the under surface of the liver is sub- 
divided into many polygonal lobules of small but varying size : 
the fissures between some of which extend to the convex surface. 

In Cetacea the liver more resembles that of the human 
subject, but is not so thick at its base nor so sharp at the front 
or ventral edge. The right lobe, e, fig. 355, is the largest and 
thickest; the falciform ligament is broad, and there is a deep 
fissure, between the two lobes, into which the round ligament 
passes. The left lobe, /, is extensively and firmly attached to 
the stomach, the small omentum being a thick substance. 

In Sirenia the liver is flatter and more transversely extended. 
In the Dugong the liver is a transversely oblong viscus, divided 
into three lobes with a fourth small process at the root of the left 
lobe, representing the lobulus Spigelii. It is as usual convex 
toward the diaphragm, but rather flattened than concave toward 
the viscera, the anterior margin is thick and rounded. Of the 
three larger lobes the middle one is the smallest, of a square 
shape, projecting forward, and as it were over-hanging the gall- 
bladder, which is lodged in the middle of the inferior surface. 
The ligamentum suspensorium is continued upon the middle lobe, 
immediately above the gall-bladder, the anterior margin of this 
lobe being notched to receive it, and the remains of the umbilical 
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vein enter the liver an inch above the fundus of the gall-bladder. 
The two lateral lobes arc more than double the size of the cystic 
lobe, and of these the left is the largest. Both these lobes are 
concave toward the small middle lobe, which they thus surround 
and conceal. The lobulus Spigelii is of a flattened and square 
shape, measuring inch in length. The Manatee has a gall- 
bladder. 

In the Hog-tribe the liver begins to encroach more upon the 
left hypochondrium ; and the mass to the right of the suspensory 
fissure is subdivided into a ^ cystic ’ and a right lobe, besides the 
spigelian lobule. 

The Perissodactyles in general have a larger and more sub- 
divided liver than the Artiodactyles, especially than the Rumi- 
nants ; no species has the gall-bladder. In the Horse this viscus 
extends as far to the left as the right : the susjiensory ligament 
enters the fissure which defines the left lobe : the mass to the 
right is divided by a second fissure, answering to the ^ cystic ’ in 
beasts with the gall-bladder ; and a fourth small lobe is defined 
by fissures on the under surface of the right lobe. In the 
Rhinoceros the liver is of a dark colour, and has the usual 
flattened form in Ungulates; its greatest thickness not ex- 
ceeding 6 inches in a liver weighing 44 lbs. ; it consists of a 
middle portion with the suspensory fissure, answering to the 
‘ cystic ’ lobe, of a smaller left lobe, and a still smaller right, or 
posterior, or spigelian lobule. The hepatic duct, ^ inch in diameter, 
receives the duct of the larger portion of pancreas as it passes 
between the coats of the duodenum, and such common duct opens 
upon a protuberance of the mucous membrane.' In the Hyrax 
the homology of the cystic lobe is better marked by the presence 
of a cystic notch, although without the bladder, to the right of 
the suspensory fissure : the left and right lobes have the same 
relative proportions as in the Rhinoceros. The duct from each 
lobe dilates on quitting it,^ and the united capacities of these 
receptacles equal an ordinary-sized gall-bladder ; the common 
duct continued therefrom is 3 lines in diameter, contracts 
gradually to the intestine, and opens therein 9 lines from the 
pylorus. 

In the Elephant the liver is divided into tAvo lobes, the right 
being the largest: the suspensory fissure is the boundary. There 

* v". pi. 14, fig. i. p, h. 

* CLiu", p. 205. In the largest of these dilatations I found a Distoma. Dauben- 
ton found (April) a species of the same genus in the bile-ducts of an Ass, cxii", tome 
iv. p. 419. 
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is no gall-bladder. The hepatic duct, fig. 366, is Avide and 
very long : it has a reticulate inner surface : it explinds, between 
the coats of the duodenum, into an oval receptacle, ib. o, irregu- 
larly divided into compartments : the first ])ancreatic duct, ib. 
also pours its secretion into this receptacle, Avhich contracts and 
is surrounded by a sj^hincter of the circular layer of fibres, before 
penetrating the muscular coat, which here protrudes, as a 
mammillary eminence, traversed by the probe, r. 

In a female GiraflPe I found a large gall-bladder, bifid at its 

367 


Double gall-bladder of a (ilraffo 

fundus. It ^yas attached in the usual iJosition to the under part 
of the undivided liver, having a covering of peritoneum over 
three-fourths of its surface. It was divided throughout its lehgth 
by a middle vertical septiun, fig. 367. The lining membrane of 
each chamber was smooth; they communicated with the com- 
mencement of a single cystic duct, the terminal orifices admitting 
freely the blunt end of a common probe and being protected by 
a valvular fold. In two males, subsequently dissected, there 
was not a vestige of a gall-bladder, but the bile was conveyed 
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by a rather wide hepatic duct to the duodenum. I conclude, 
therefore, that the al)sence of the gall-bladder is the rule, or normal 
condition ; and that the Giraffe in this respect, as in the structure 
of its horns, has a nearer affinity to the Deer than to the Ante- 
lopes. In these and all hollow-horned Kiiminants, a gall-bladder 
is present; as it is, also, in Moschus and Trogulus. In the Came^ 
lidoi the gall-bladder is absent as in the CvrvidcB* A like absence 
characterises all Pcrissodact^les, and suggests some relationship 
with the small capacity and simple structure of the stomach com- 
j)ared with the quantity of food taken, and wdth the rapid and 
continuous transit of tlie gastric contents through the small intes- 
tines to the enormous caical and coloqfc receptacles where diges- 
tion is finally (iomplctod. But the ^mewhat capricious appear- 
ance of the gall-bladder in vegetariarf Mammals discourages such 
attempts to physiologise. Thus the Hog, c.g. with the simple 
stomach has the gall-bladder, while the Peccary, with a comjJex 
one, has it not. . 

The liver, fig. 308, r, r, closely retains the mammalian type of 
the organ in Monotremes. Four lobes may be distinguished in 
the Echidna : the principal or cystic lobe receives the suspensory 
ligament in a fissure ; the large gall-bladder is' j^laced a Ihtle to 
the right of this ; the left lobe occupies the left hypoehondrium ; 
the Spigelian lobule is of moderate size ; it is an appendage of 
the right lobe. The liver presents nearly the same form In the 
Ornithorhynchus, which has likewise a large gall-bladder, ib, s. 
There are three hepatic ducts in the Echidna which join the 
cystic, and the common canal terminates in the duodenum rather 
more than an inch from the pylorus. In the -Ornithorhynchus 
the two chief hepatic ducts join tlie cystic near the neck of the 
bladder; the third hepatic joins a more distant part of the cystic ; 
the ductus choledochus receives the pancreatic duct about 9 lines 
before its termination, as in the Marsupials, where its coats are 
thickened and glandular, and opens into the duodenum about 8 
lines from the pylorus. • 

The liver is subdivided into many lobes in all the Marsupial 
genera. It is relatively largest in the burrowing Wombat and 
carnivorous Dasyure ; relatively smallest in the graminivorous 
Kangaroo, in which it is situated, as in the placental Ruminants, 
entirely to tire right of the mesial plane. The small or Spigelian 
lobe, which fits into the lesser curve of the stomach, is given 
off from the left lobe of the liver in . the Kangaroos, but from 
the right in most other Marsupials ; the difference just noticed 
in the Kangaroo depends on the peculiar disposition of its re- 
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markable stomach. In the Koala the under-surface of the 
liver, fig. 368, is subdivided into thirty or forty lobules : this 
condition is presented in a minor degree in the Ursine Dasyure. 
In a long-tailed Dasyure, which weighed 3 lbs. 8 j oz., the liver 
weighed 3^ oz. avoirdupois. The suspensory fold in Lyenceiiliala 
shows hardly a trace of ^ ligamentum rotund uin.’ 

The gall-bladder is present in all Marsupials, is of large size, 
and loosely lodged in a deep cleft of the cystic lobe. In the 
Opossum it generally perforates that lobe, and the fundus appears 
at a round ojiening on the convex surface of the liver. I have ob- 
served a caccal process from 
the cystic duct, like the 
beginning of a second gall- 
bladder.^ The coats of the 
ductus choledochus are 
thickened toward its termi- 
nation, and become the seat 
of numerous mucous cysts 
which open into the interior 
of the duct. In the Phalan- 
gers the terminal half-inch 
of the ductus choledochus 
is similarly enlarged and 
glandular. The biliary and 
pancreatic ducts generally 
unite together before per- 
forating the duodenum : in 
the Virginian OiX)ssum, the 
long-nosed Bandicoot, and 
the long-tailed Dasyure, 
they pour their secretions 
into the gut an inch from 
the pylorus : in the great 
Kangaroo the glandular 
ductus choledochus is joined 
by the pancreatic duct, and 
terminates in the duodenum 
5 inches from the pylorus. 
The answerable parts of 
the liver under its various degrees of division arc indicated by the 
suspensory fold or ligament, which enters a fissure called • suspen- 
by the gall-bladder, which occupies a depression, fissure 
* cxLvii". p. 247. 
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or canal, called ^ cystic,’ to the right of the suspensory one. The 
cystic fissure is the less constant character; the suspensory fold 
is almost obsolete in some Bats, which pass the greater part of 
their time head dowmvard. 

In the more simple or entire forms of liver, as the human and 
cetacean, fig. 255, e,/, tlie suspensory fissure, ib. and fig. 369, 
3, divides the left, ib. i, from the right lobe, ib. 16, is: the process 
sent off from the under and back part of the 'gland to the lesser 
curvature of the stomach, in Man, being the ‘ Spigelian lobule,’ 
ib. 20 . In the majority of Mammals a lobe is more definitely 
marked off by a deeper cleft to the left of the suspensory fissure, 
and a right portion is similarly defined by a cleft to the right of 
the cystic fissure. These two superadded clefts thus define a 
middle, commonly the largest, portion of the liver, which is cha- 
racterised by the ^ suspensory ’ and ‘ cystic ’ fissures. It is the 
^ cystic ’ or gall-lobe,* and 
is the homologue of the 
right portion of the left lobe 
and the left portion of the 
right lobe, including the 
cystic fossa, of the human 
liver.^ The portion of the 
gland to the right of the 
cystic lobe, in most qua- 
drupeds, is subdivided into 
two or more lobules ; the 
lobe to the left more com- 
monly remains single. The 
transverse depression usu- 
ally about the middle of the under-surface of the liver, or ol the 
cystic lobe, by which the jwrtal vein enters the gland, is the 
^ portal’ fissure, ib. 7. Another groove or canal is called ^post- 
caval,’ being traversed by the vein, ib. 13, of that name. 

In the large Shrew, fig. 323, and in most Insectivora, the more 
subdivided condition of the liver, h, /^, exists : the cystic lobe is 

‘ ‘Tho gall-lobe” is the largest.* Anat. of Capybara, ccxxxvi. vol. ii. p. 213. 

I do not regard the whole human liver as the homologue of the * cystic lobe’ in 
quadrupeds, and the * right and left lobes ' in them as i^peradded parts, as in the 
following view : — * II faut consideror lo foie de Yliomme comme comjX)se d’un seul lobe, 
que nous appelons “ lobe principal ” avec un rudiment de lobule droit, celui de Spigeliu.s. 
Nous verrons succcssivement un lobe gauche et un lobe droit s’ajouter k gauche et ii 
droito du “ lobe principal,” puis un lobule droit et un lobule gauche,’ xii. tom. iv. 
douxi^me partie, p. 432. The homologue of the ‘ Spigelian lobule ’ is shown by its 
relation to the lessor curvature of the stomach. Fissures, rather than lobes are added 
to the liver of quadrupeds. * Ib. p. 197. 
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by the ^lM)la«|tlor, i\ ami liy the su.s|)ciisorv notch to its 
I the left li»he, and, on the opposite side, are 

Bubuiyisiuus ».l‘ tlu* riirlit lohe. The liver of the Tupaiu adheres 
to this typo, showinj;: four lobt's, the <'ail-l)hulder juesentiiiir its 
fundus at the upper part t»t* the evstie fissure, ‘ as if in a holo.’^ 
The trall-hliuUler is for the most part i>f eoiisidorahle size. In the 
llei\geho <4 its fmulus appeal's heyoiul the free iiiarj^in of the liver, 
and is supptu'ted by a process of falciform ligament. In the 
Teuvee, on the etmtvary, it is as it were inerusted by the substance 
of the right portion of the jirincipal lobe. 

The liver ttf Bats is very little divided : oceasioiially a small 
lobe is marked off to the left of the suspensory limit of tlic cystic 
lobe : still more rarely is there a right lobe. All Bats, with the 
lloussettes and Colugos, have the gall-bladder. 

The liver of the two-toed Sloth is confined to the right hypo- 
chondriuin, and consists chiefly of a very large cystic lobe, re- 
ceiving the suspensory ligament : sometimes a small left lobe is 
marked off*, and there is always a smaller S])igclian lobe behind. 
In the Ai ( Bradfjpus, Z-dacti/Ins) the left lolie is not present, and 
the posterior lobule is less defined ; but there arc one or two 
fissures at this part. This Sloth has no gall-bladder : the two-toed 
kind possesses one. Hunter describes its cystic du(,‘t as passing 
‘ down through the substance of the liver and emerging at the aorta, 
like the ductus hepaticus it then joined that duct, ar^d the common 
canal entered the duodenum about 4 inches from the pylorus.^ 

The cystic lobe is the largest in tlie Armadillos : there are two 
small lobes to the right, as well as one to the left : all the species 
have the gall-bladder. I found it more deeply imbedded in 
D(tsi/pus sexcinctus than in D, Peba.^ 

Tlie liver in Ori/cteropns differs in the non-division of the right 
lobe. In the specimen dissected by Jaeger,^ the gall-bladder 
was double, the two being closely connected by cellular tissue, 
and having a common covering of peritoneum : the two cystic 
ducts soon unite into one, which is joined by three hepatic ducts: 
the common duct terminating about an inch from the pylorus. 
The liver of Myrmecophaga shows, likewise, a cystic, a left, and 
a right lobe, and extends from the right to the left hypochondrium : 
the fiuidus of the gall-bladder ])rotrudes through a subcircular 
notch at the convex side of the gland in Myrm, juhata. 

In the Hodentia the cystic lobe has the usual characters, is the 
largest, and is often so deeply cleft by its characteristic fissures 
as to present the ajipearance of three distinct lobes, the left lobe 
> ccxxxvi. vol. ii. p. 177. * cxxviu", p. 154. » cxltx". p. 19. 
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is sometimes divided^ and the right more commonly so, the clefts 
affecting an oblique course. The most noteworthy modification 
in the liodent order is that presented by the liver of Caj)romys, 
Five primary divisions or lobes are indicated by the usual cha- 
racters ; but each of these undergoes a subdivision ^ into almost 
innumerable angular lobules, varying in size from 3 to 5 lines ; 
though closely in contact they are quite detached from each 
other, being appended by their apices to the larger branches of 
the vena portie and hepatic arteries and veins. Each of the 
lobules is partially subdivided into still smaller ones, the whole 
structure approximating to a complete natural unravelling of 
this conglomerate gland to its conqMmcnt acini.’ ^ The gall- 
bladder A\\as large ; its contents limpid and of a greyish green 
colour. The genera Cricctus^ Lerniuvs^ Echintys^ Erethizon^ 

Synetheres, as a rule, are without the galbbladder. Cuvier did 
not find it in Sciurus luaxinms and in a species of J^teromy.s : but 
in that dissected by Hunter volucella) it was present, as also 
in Sciartfs chiereus and the common Squirrel. The Porcupine 
(^Jiystriv) has a small gall-bladder, and the common Jerboa 
{Dip us sayittci) has one of the usual size: the Cape Jerboa 
{llelainys) has it not. In all other Kodents the gall-bladder is 
present. In the (jrulnoa-])ig ( Cavia porcellus) Hunter remarks, 
that the common duct, on reaching the duodenum, ^ makes a turn 
and passes with the gut for more than one-third of an inch, where 
it becomes larger, and then it enters the gut. This looks as 
if this duct must make a turn somewhere, as it did not do it at 
the gall-bladder. The bile in Rodents is thin and transparent, 
yellow or greenish. 

All Carnivora have a liver with a left, a cystic, and a right 
lobe, the latter usually subdivided into two or three lobules: in 
some the left and the cystic are of equal size ; in others the left is 
the largest lobe. Tn the Lion the cystic lobe is deeply cleft % 
the suspensory fissure and the part to the left of that has been 
counted as a smaller left lobe : there is a larger one to the left 
of this, and two small lobes to the right of the part of the cystic 
lodirinir the «:all- bladder. In the Walrus the liver is divided into 
seven lobes, each of which is more or less notched at the under- 
surface. Comparing this liver with the more simple forms in 
Carnivora, we recognise the homologuc of the right lobe, here 

* exxx". p. 70. The prepurution is No. 8108, in xx. vol. i. (1838), p. 238. It 
appears to be a normal striietuio in the. ITonti.as, being drseribed in xn. tonn* iv. (1835) 
p. 454 ; also by Say in tlio Rodent called Isodou, wlncli appears to be identical with 
Caproinys. clv". (182G). * ccxxxvi. vol. ii. p. 209. 
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divided into two, the right division being the smallest. The part 
answering to the cystic lobe is deeply cleft into three siibeqiial 
lobules, between the two right of which, at the base of the cleft, 
lies the long pyriform gall-bladder. Ti he honiologue of the left 
lobe is of a broad and rounded figure : it is attached by a band of 
he})atic substance, one inch broad, to the base of the cystic lobe, 
this band bridging over the portal vessels. The lobulus Spigelii, 
so constant in its position behind the small omentum in Mammals, 
here forms the seventh portion of the liver. The gall-bladder is 
three and a half inches long, and one and a half inch In diameter: 
a duplicature of peritoneum, one inch broad, extends from the 
cervix vesicai and the cystic duct to the duotlenuin. The fundus 
of the bladder is attached by shorter folds of peritoneum to tin? 
two walls of the cystic fissure ; it hits an entire serous investment. 

The liver of the Beal (^Phoca vitulind) differs chiefly in the 
greater elongation and more pointed form of its divisions : viewed 
from below or behind, the left lobe, fig. 370, a, retains most of 
370 the normal shape; in 

the cystic lobe, Z>, />, 
the suspensory fissure 
is marked by the round 
ligament, c, the cystici 
one, dy by the gall- 
bladder, c; jf is the 
larger, and g the 
smaller divisions of 
the right lobe, h being 
the Spigelian lobule 
or process ; z is the 
portal vein entering 
the fissure so called ; 
It is the post-caval, 
perforating the liver 
to combine with the 
hepatic veins in form- 
ing the capacious sinus, /, Z, trom which the trunk, again con- 
tracted, Ttiy is continued to perforate the diaphragm, before termi- 
nating in the heart. The hepatic veins in the Seal have an outer 
coat of circular fibi’cs.^ The accumulation of blood in the sinus 
of the hepatic veins during the act of diving indicates the need 
of a muscular powder to propel the blood onward to the heart. 

The under surface of most of the lobes shows small notches or 

' ci.vii". p. 738, pi. xxiii, fig. 2. 
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fissures ; and these are still more marked in Otaria, Two hepato- 
cystic ducts entered the gall-bladder in the seal I dissected.^ The 
cystic duct was joined by a small hepatic duct about half an inch 
from the gall-bladder ; and a little lower down was joined by a 
larger hepatic duct, which was formed by the junction of two 
other ducts, each of which was also formed by the union of two 
ducts, coming distinctly from four lobes of the liver. The ductus 
communis was one and a half inch long ; it was joined by the jian- 
creatic duct, as it terminated in a dilated, saccu Ins within the 
duodenal coats. 

The inner surface of the gall-bladder is minutely rugous and 
villous, the rugie becoming longitudinal at the cervix, and sub- 
siding in the duct. This character obtains in other Carnivora, 
in all species of which the alterative reservoir of the bile is pre- 
sent. In the Felines the valvular or impeding tAvist of the cystic 
duct is Avell marked. 

Domestic Carnivora, obtaining more food, and more regularly, 
than Avild ones, have a corresponding increase of the digestive 
apparatus : not only is tlie intestinal canal longer, but the liver 
is larger : there are more hydro-carbonates to be eliminated, more 
chyle to be made.^ 

In the Aye-aye neither left nor right lobe of the liver are 
subdivided ; but, as in other Lemurs, both are distinct from the 
cystic lobe, Avhicli shows the usual cystic and suspensory fissures, 
and the left lobe is the largest. All the clefts are more trans- 
verse, less obli(|ue than in the usually more subdmded liver of 
Rodents.^ In many Platyrhines the right lobe, in some the left 
lobe also, are subdivided. In most Catarhines the same degree 
of hepatic division obtains as in Strepsirhines ; but in some 
Doucs, in Gibbons, Orangs, and Chimpanzees, both right and left 
lobes have blended Avith the cystic, and the suspensory notch 
becomes, as in Man, the boundary betAveen the tAVo masses 
termed ‘ right ’ and ^ left ’ lobes in Anthropotomy, The ^ Spi- 
gelian ’ lobide is a process of the left posterior angle of the right 
lobe : it is partly (iefined by the post-caval vein, fig. 369, 13 ; the 
part of the cystic lobe betAveen the cystic and suspensory fissures 
is the ^ lobulus quadratus,’ ib. 18, of Anthropotomy. 

The lobes of the liver in its several grades of natural subdivision 
in the Mammalian class are invested by a delicate fibrous coat 
Avhich is continuous Avitli the similar looser investment of the 

* CLVii". p. 152. • • 

So Daubonton : -‘Lo folo du chat. (loinesti(iuo 6toit plus gi’os, plus Ibnuo, ot d’uno 
coubuir rougeAtro buaucoup plus foucoe qiie lo foie du chat saiivago.’ cxxii'. tome vi. 
p. 29. * eii'. p. 43. 
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vessels in the portal fissure called ^ Glisson s capsule. T-he seioiis 
accompanies and closely adheres to the fibrous coat, save at the 
portal fissure and along the suspensory and other folds, ca ec 

‘ ligaments,’ Avhci’e the serous coat 
is reflected from the gland. The 
resolution of the lobes and lo- 
bules of the liver into the ultimate 
subdivisions or ^ acini,’ is natu- 
rally shown in Capromtfs : as a 
rule they require section or ma- 
ceration. 

As the anatomist ^ to whom 
we are indebted for a knowledge 
of their structure has applied to 
these ‘ acini ’ the term usually 

A longituainal section of a sub-lobular vein. givCU tO SUCh SeCOudaiy divisioUS 

■ as the ‘ lobulus Spigelii,’ and has 

founded his nomenclature thereon, it will be retained. Kiernan’s 



‘ lobules ’ range in size from ^Vh to /o'th inch in diameter, pre- 
372 sent a foliated contour in lon- 

gitudinal section, fig. 371, 1 , 3, 
a polygonal one in transverse, 
fig. 378 : a venule issuing fi’oin 
their centre, fig. 371 , 5 and 7, 
connects them with the initial 
or ‘ sublobular ’ branches of 
the hepatic vein (laid open in 
fig. 371 ): the rest of their 
surface is attached by similar 
beginnings of hepatic ducts 
% and absorbents, by terminal 
branches of the hepatic artery 
and portal vein, and by nerves, 
to the thin stratum of areolar 
tissue connecting one lobule 
with others. Each is composed 
of ramifications of its suspen- 
sory ‘ intralobular ’ venule, of 
I arterial capillaries, of a plexus 
, , , of portal capillaries, a plexus 

Branches of the portal vein, Tluruati. cxnviii". i *i* ^ 

ot biliary passages, of nerves, 
lymphatics, and intermediate cell-substancc — the essential part of 
the gland which the other structures subserve. The section mag- 
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nified of a ‘ sublobular venule,’ fig. 371, shows the commonly 
hexagonal outline of tlie flattened bases of the lobules 4 , the ter- 
minations of the ' intralobular’ venules 7, the interlobular fissures 


8, and the ^ interlobular spaces 

9 , at their angles : these are 
continued into the intervals be- 
tween the more or less rounded 
lateral surfaces of the closely 
packed lobules. The ramifica- 
tion of the intralobular venule 
5 is seen in the longitudinal 
section of the lobules, 1 , 3 . In 
the Seal the intralobular veins 
at their exit from the lobules 
enter he})atic-vcnous canals, 
where they unite into branches, 
which are connected by a fine 
cellular tissue, forming a sheath 
round the hepatic veins. ^ 


373 



The J)Ortal vein, in Slam- Longitudinal section of a small portal vein and 

mals, fig. 372, is formed by the ' 

superior, and inferior, c, mesenteric veins, by the splenic vein, 
r/, by the gastro-cpiploic, and pancreatic, f, veins : the trunk, 
f/, entering the porlal fissure, divides into a right, A, and left, 


branch : these penetrate their 
respective divisions of the liver, 
ramify and subdivide therein, 
along tracts termed ^ portal ca- 
nals,’ fig. 373, a, a; but which 
likewise lodge branches of the 
hepatic artery, (/, and duct, h. 
As all these arc connected to- 
gether by a prolongation of the 
areolar tissue of ^ Glisson’s cap- 
sule,’ branches continued from 
the portal vein, e, and forming a 
plexus in that tissue, are termed 
^ vaginal,’ from which, as well as 


374 



Lobules showing the portal veiions plexus 


directly from the portal vein, as 


at /*, venules enter the interlobular spaces, are called ‘interlobular 
venules,’ fig. 374, a, a, penetrate the lobule, />, and form a capil- 
lary plexus therein, most richly at the periphery, but from which 
the ‘ intralobular vein,’ c, begins. The hepatic artery has a similar 


* CLvii". p. 738. 
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distribution through the portal canal, fig* 373, < 7 , where the minute 
branches form ^ vaginal plexuses,’ sending off interlobular branches 
which terminate in the lobule by a capillary plexus communicat- 
ing and localised with the portal one. The meshes of the radially 
.arranged plexuses, fig. 375, are occupied by organites which subsist 
by endosmotic intussusception and assimilation of blood-elements, 
modify them by interchange of other elementary combinations, 
then perish by rupture or solution of their walls. These bodies, 
called ^ hepatic cells,’ much exceed in size the monads of infusoria,' 
being about diameter; but, like them, they have 

a hyaline granulated nucleus, Avhich contrasts by its refractive 
brightness with the tawny yellow of the minuter granules of the 
main contents of the cell, in Avhich also float oil-globules. These 
contents, exuded or set free, fill the intervals of the ‘ nucleated 
cells,’ and form the ‘ bile,’ or brief equivalent of ‘ bile vesicles 
without proper walls.’ ^ When an epithelium is discernible, sepa- 
rating them from the capillaries,^ the bile-ducts may be said to 
commence. The inductive figure given by Kiernan of the intra- 
lobular or initial bile-conduits, fig. 375, receives support from the 
recent careful researches of Hering in the liver of the rabbit : 

he describes them as form- 
ing a plexus with polygonal 
meshes * from which the 
canals are continued to form 
the interlobular ducts, a ; 
from these are continued the 
‘ vaginal branches, ’fig. 373 , 
A, which progressively unite 
to form the hepatic ducts. 
These, in Man, emerge, two 
in number, at the portal fis- 
sure : in more divided livers 
the liberated ducts are more numerous; but all unite, as a rule in 
Mammals, into one trunk, which, in those having a gall-bladder, 
joins the cystic duct to form the ^ductus communis choledochus.’ 
This duct, fig. 376, a, penetrates the duodenum distinctly from 
the pancreatic duct, A, both run obliquely between the several 

^ Such, o.g. as the Monas atomus, ar’ootli Rno in diametfir. 

* * Ein Gallencapillary.stem ohne cigeno Wandung.’ clix". p. 241. 

* The ‘ when’ or ‘ where’ such ‘ epithelial walls’ are gained, forming a beginning 
of proper conduits for carrying off the bile froip the interspaces of the formative cf^lls, 
may long be dcbateable ground with Micrographers ; as now between Beale, Biulgt', 
and Tiering, clix". p. 241. 

^ ‘ Ein Netz mit polygonalon Masehon,’ clix", p. 241. Kiernan obtained a view 
of anastomosing- biliarv ducts in Dart of a lateral liarainent of the human liver; clvii". 
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tunics, c, of tlie gut, in Man, to the extent shown in fig, 376, 
before uniting to form the common receptacle within the terminal 
prominence. 

The ^ carrying arrangements’ of the bile are, thus, on a more 
concentrated plan in the present than in 376 

lower classes of Vertebrates. The human W 

cystic duct shows a series of crescentic folds I 

of the lining membrane, directed obliquely / 

round the canal, and so arranged as to give 
the appearance of a spiral valve. Nume- 
rous minute follicles, either branched or ^ 

clustered, open upon the mucous tract ot m K j 

the bile-ducts : in the smaller branches their U m j 

orifices are in two opposite longitudinal M f if 

From the arrangement and localisation in M / M 

the ^ lobule ’ of the capillaries of the two M / j 
systems of veins, determined, together with M j iH 
most that is of importance in hepatic struc- H 

ture, by the admirable research, skill, and ^ 
patience of Kikunan, an explanation has 
been aflPorded of apj^earances otherwise un- 
intelligible or misleading.^ When the capil- 
laries of the hepatic vein are gorged, as is neratopHucreaticninpuiia 

, . , . « m ' human : mngn. 

usual in an early stage oi congestion, the 

flattened surfaces of the lobules on the superficies of the liver 
present the appearance in fig. 377. AVhen the portal capillaries 




I ) 

■nil!'' 





Lobules of Ilv^er with congested hepatic veins. 


Lobules of liver with congested porta veins. 


are congested, the peripheral parts of the lobules present the 
deeper colour, as in fig, 378. So, in examining portions of the 

* As e.g. the supposed distinction of ‘cortical’ and ‘medullary’ substances of some 
authors : of ‘ red ’ and ‘ yellow’ substances of others. See clvii". p. 763. 
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liver of lower Mammals, as in that of the squirrel figured by 
J. Muller,' fig. 379, the uncongested pale periplicral portions of 

tlie lobules, nearest the 
interlobular fissures, 
may suggest an arrange- 
ment of ultimate or ini- 
tial biliary ducts, which 
is merely due to partial 
^ congestion.^ The struc- 
; ture of the liver is the 
I same tliroughout the 
? class ; the form of the 

j' 

gland varies, gi verned 
mainly by relations of 

rougo»tod hcimuc voiu?, llviT ul SaulirO. cxxii. . 

package with adjoining 
abdominal viscera, and by the degree in which it may be affected 
by inflections of the trunk. 

§ 339. Pancreas o f Mammalia , — This conglomerate gland here 


differs chiefly from that in birds by the progressive development 
of a part more or less distinct from that which is lodged within 
the loop or fold of the duodenum ; such added part may be 
represented by that freely projecting end of a fold of the bird’s 
duodenal pancreas (vol. ii. p. 175, fig. 87, q)^ which stretches to- 
wards the spleen, but there is no transverse part of the gland 
extending at right angles from the duodenal portion, like that 
which forms the splenic or transverse pancreas in the Mammalian 
class, and which ultimately becomes the main part or body of the 
gland in them. In most Mammals the pancreas is of a pale flesh 
colour, but usually less jnnk or of less decided tint than in birds : 
it is firmer in texture, and shows more plainly its conglomerate 


structure. 


The pancreas in the Ornithorhynchus is a thin, somewhat 
ramified gland bent upon itself ; the left and larger portion de- 
scends by the side of the left lobe of the spleen. The pancreas is 
thicker in the Echidna, and enlarges considerably towards the 
duodenum. The principal difference occurs in the place of ter- 
mination of the pancreatic duct, which, in the Ornithorhynchus, 
joins the ductus choledochus, but in the Echidna terminates sepa- 
rately in the duodenum and nearer the pylorus than does'the ductus 
choledochus. The arrangement of the hcj)atic and pancreatic 
ducts is thus conformable to the Mammalian type, and the Orni- 


cxxii. pi. xi. fig. 11. 


2 Well cxplsiiiK tl in clviii", p. 185. 
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thorhynchus, in the place of the junction of these ducts near the 
commencement of the ductus choledochus, manifests its aflSnity 
to the Marsupials. In these the pancreas extends as usual from 
the duodenum to the spleen, behind the stomach ; it is charac- 
terised by a process sent off at right angles, or nearly so, to the 
main lobe at (^r near its left extremity. Small and thin processes 
branch out into the duodenal mesentery (in a Phalanger); and 
similar but still more numerous processes, in the peritoneal 
attaching, or omental, fold to the left, give the organ a dendritic 
a])pcarance in the Kangaroo ; but the sjilenic process seems to be 
constant. The pancreatic duct usually opens into the glandular 
dilatation of the ductus choledochus, and the secretions enter the 
intestine further from the jjylorus than usual. 

The same low ty]>e of gland prevails in the Hodentia^ and is 
well shown by Hyde Salter in the rat {Mas decumanus, fig. 380, 
the main part of the gland being that which extends from the 
end of the duodenal fold to the left into the gastrosplenic omentum, 
o, Avhere it ramifies : the chief part of the duodenal pancreas 
follows the curve of the gut, but ramifies in its wide messentery, 
d. In the Cavy, Avhere the duodenal loop is longer and narrower 
than in the Rat, the included portion of pancreas reminds one of 
the (lisj)osition of that in the Bird. In the Capybara the resem- 
blance is less because the duodenum is shorter, and the corre- 
sponding part of the pancreas is small : the ti’ansverse and larger 
j)art of the gland is also more compact than in most Rodents, In 
the Porcupine the duct of the larger part of the pancreas enters 
the duodenum far from the pylorus. In the Beaver the pancreas 
is of considerable extent, measuring in length nearly 2 feet, and 
following the course of the duodenum down to the iliac region 
and up again as far as the umbilical, being attached to the intes- 
tine by a process of mesentery : it is thin and narroAv, ^and has 
one small branch or process lying parallel with its body Avhere it 
passes behind the liver, and a few others at the curvature of the 
duodenum. Its duct, somewhat larger than a crow-quill, enters 
the small intestine at the extremity of the gland, 1 foot and 
9 inches from the pylorus, and 1 foot and 6 inches from the ter- 
mination of the ductus choledochus.^ This is the extx’eme of 
distance from the pylorus and bile-conduits of the entry of the 
pancreatic secretion into the intestinal tract, which has been ob- 
served in Mammals : the character prevails in the Rodent order, 
and Physiologists have availed themselves of it in the Rabbit in 


ccxxxi, p. 98. 


2 CLXl". p. 19. 
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experimental research on the action of the bile in the intestine 
before its admixture with the pancreatic secretion. Most Tnsec- 
tivora also show the flattened branched form of the pancreas in 
the broad membranes suspending contiguous organs : it is shown 
in a large snouted Shrew, in fig. 323, p. In the Hedgehog one of 

380 



Piincread of the Kat (natural size), shown hy throwing up the duodenum and duodenal mesentery, ccxxxi. 


the duodenal branches hangs freely from the mesentery with an 
entire investment of peritoneum.* 

In the Sloth the left end of the splenic portion of the pancreas 
has an entire serous coat, and is somewhat loosely suspended 
from the back of thg epiploon ; the duodenal portion is narrower. 
In Myrmecophaga the transverse or splenic portion is long and 

’ cxhvii" p. 236, No, 780 a. 
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narrow, connected with both epiploon and stomach : the duodenal 
part follows the curve of the gut. « 

In Cetacea the })ancreas, like the liver, becomes more compact 
in form : it is unusually long, flat, rather narrow but thick, with 
its left end near the spleen, and attached to the first gastric cavity : 
it crosses the spine at the root of the mesentery, behind the second 
and third stomachs, to the right, following, or expanding at, the 
curve of the duodenum, to which it adheres, and sending its duct 
to join the hepatic near the entry into the dilated part of the 
duodenum. 

Ill a half-grown Dugong I found the splenic part of the j)an- 
creas seven inches in length, thick and obtuse at the left, and where 
its diameter was two inches, and gradually diminishing toward the 
duodenal part: the duct is wide, and terminsrtfis on the same 
prominence with the bile-duct, and at a greater distance froin the 
pylorus than in Cetacea. The pancreas of the elephant shows 
more of the rodent than of the ungulate type of the gland. It 
consists of several masses not very closely connected with each 
other, from which scj)arate ducts are given off, which unite into 
two conduits; one of these pours the secretion into the upper 
compartment of the biliary pouch, fig. 366, where it is mixed u]) 
with the bile therein contained preparatory to its introduction 
into the intestine, while the other opens into the duodenum about 
two inches lower down. In the Rhinoceros the transverse or 
splenic part of the pancreas is the largest, in length nearly two 
feet; the duodenal part, about half that length, extended at a 
right angle, chiefly backward (sacrad) expanding within the pro- 
cess of the peritoneum, connecting the duodenum to the enormous 
cajcum. The duct of the splenic portion entered the duodenal 
fossa common to it and the hepatic duct; the duct of the smaller 
portion terminated about two inches from the other, but at the 
same distance from the pylorus. The pancreas in the Hyaena and 
Tapir resembles that in the Rhinoceros ; nor is there any material 
modification in the Horse; the descending duodenal portion is 
relatively broader, and lies over the right kidney. In the Hog 
the duodenal part is narrower, but longer: the splenic part is 
broad and bifurcate, sending downward, or sacrad, a process as far 
as the left emulgent vein. In Ruminants the divisions of the 
broad and flat pancreas are less defined : the descending process 
comes off rather from the duodenal side of the gland. In the 
GiraflPe the duodenum receives the combined biliary and pancreatic 
secretions about ten inches from the pylorus. 

The pancreas in Carnivora is long and narrow, but continues 
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of a more definite and compact form than in Ly- or TAss-encephala : 
its duodenal and splenic divisions are, however, well marked and 
subcqnal: the former usually describes a circle, as in fig. 351, e, 
following that of the comparatively long and loose duodenum ; 
the latter, ib. is straight and transverse in course : both por- 
tions are triedral, and have an entire, or nearly entire, serous 
coat ; and in some species this is continued from one of the angles 
as a narrow suspensory fold of the gland, from the posterior ])art 
of tlic great omentum in the splenic portion,^ In the Lion and 
most Felines, the duct of the annular part sometimes communi- 
cates with that of the splenic part at two points, and the main 
duct communicates with the bile-duct, before entering the intes- 
tine. In the Dog the duodenal portion follows the descending 
course of that gdt, and is longer than the splenic division, which 
it joins at a right angle : the ducts of each part unite betAveen 
the duodenal coats, before joining the bile-duct, Avhich is distinct 
external to the duodenum, and can be separately tied. Cuvier 
notes, as a rare structure or anomaly, a lateral reservoir for the 
pancreatic secretion in the Cat : its duct, about an inch and a half 
in length, communicated Avith the common duct formed by those 
of the tAvo parts of the pancreas, which joins the bile-duct, as in 
the Lion. The dilatation or sac betAveen the tunics of the duo- 
denum in the Seal-tribe is common to the pancreatic and biliary 
secretions. 

In the Aye- aye the pancreas is a broad thin gland, extending 
and expanding from near the spleen to the duodenum, and thence 
continued, as the ‘ small pancreas,’ a little way beyond the entry 
of the duct, which is close to that of the gall-duct : here the gland 
sends off some short narrow processes into the fold of the mesen- 
tery : it is, however, more compact, less ramified and diffused, than 
in Itodcnts. The duodenum being relatively shorter and less 
loosely suspended in both the Aye-aye and Lemurs, the part 
corresponding to the ^ small pancreas ’ is less developed than in 
Lissencephala : but it is more developed than in the true Quad^ 
Tumana, in which the duodenum becomes still more confined in 
position. The left end of the pancreas is rather loosely suspended 
in both Lemurs and Platyrhines: in Catarhines it has only a 
partial covering from the epiploon, and the gland acquires its 
fixedness and compactness of form which characterise it in them. 
Here the duodenal or small pancreas, fig. 381, A, is reduced to an 
enlargement called the ^ head,’ and which occasionally follows in 
a short curve the bend of the duodenum : it more rarely repeats 

^ XLVii". p 132. (Cheetah.) 



PANCREAS 07 MAMMALIA. 


407 


the detached condition which prevails in some lower mammals ; the 
splenic j^ortion, ib, contracts near the s])lcen, sp, J lie thick 
upper border receives in a groove or canal the splenic artery and 


vein. The jnain duct tra- 
verses the substance of the 
gland nearer the lower than 
the upi^er border ; it is com- 
monly joined near its end 
by the duct from the lesser 
pancreas, or ^ head/ h : but 
the homology of this with the 
duodenal pancreas of lower 
mammals and birds is some- 
times instructively exempli- 
fied by the independent 



entrv of its duct into the rancreas, exposed by raising the stomach; Human. 

duodenum, as in fig. 382, b, 

c. In the ordinary arrangement the duct ot the larger, b, unites 
Avith that of the lesser pancreas, and the common pancreatic duct 
])enetrating the duodenal tunics joins the common bile-duct at the 
ampulla, before entering the intestine, as shown in fig. 376. In the 
variety ]5, the duct of the larger gg 2 


pancreas, b, alone has this rela- 
tion with the gall-duct, a: in a 
rarer variety, C, the common 
duct of the pancreas, b, opens 
distinctly from the common 
bile-duct, a: in a still rarer 
anomaly, B, the duct of the 
lesser pancreas receives tribu- 
taries from the larger pancreas, 
becoming a tube of equal size, 
and the two, b, c, unite, before 
the usual junction with the bile- 
duct, a. The })roper coat of 
the pancreatic duct is a firm 
tissue of interwoven, mainly 
longitudinal, fibres ; Avith an 
outer loose areolar covering and 
an epithelial lining. This, in 



the minute beginnings of the carrying system, consists of co- 
lumnar cells so packed that their ends next the duct-cavity pre- 


sent a penta- or hexa-gonal pavement, fig. 383. The initial ductlets 
arise from the interspaces of the follicular or cell-structure of the 


498 


ANATOMY OF VERTEBRATES. 


gland, receiving the contents of the cells, which, as in the liver, 
are the agents operating upon the blood-constituents so as to 
convert them into ‘ pancreatic juice.’ Hyde Salter, who found 



Portfon of epltljelluin lining a small duct 
J-400th of an Inch In diameter. From a 
Rabbit. Magr. 300 diain. ccxxxi. 

illustrations of the ultimate 
structure of this gland. Fig. 
384 shows a group of follicles 
from the pancreas of a Kat, 
viewed so as to bring their 
central cavity into focus. 
The average size of a pan- 
creatic follicle is of an 
inch : they are commonly 
arranged in groups of very 
various numbers. 

In the follicles proteine 
matter is formified or deve- 
loped as selective cells, of 
from TsVo to joVo of an inch 



Pancreatic lt>IIiclcs ; Rat. Magn. 150 diam. ccxxxi. 

in the thin ramified plates of the 
Rodents’ pancreas the best condi- 



Selcctive cells from the itancrcatlc follicles of the Rat. 
Magii. 400 diam. ccxxxi. 

tions for microscopic scrutiny, has 
given the following amongst other 

386 



Ultimate lobule or acinus of the pancreas of a Mouse. 
Magn. 180 dlani ccxxxi. 
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in diatneter subcompressed, rounded or polygonal in shape ; 
which escape by rupture of the follicle. These cells slightly in- 
crease and become filled by opaque granules, fig. 385, resembling 
the granular contents of the free secretion, which granules appear 
to be liberated by the solution and disappearance of the cell-wall. 

The spaces containing both follicles and cells are circumscribed 
by productions of a basilcmma defining the ultimate lobules or 
‘ acini’ of the pancreas: in one of these, fig. 386, may be seen a 
group of follicles containing two results of formifaction, called 
^ stages of selective or epithelial cells.’ ^ 

The following are among the later and more exact analyses of 
the pancreatic secretion from a carnivorous and a herbivorous 
species of mammal — 

Pancreatic juice of dog (Schmidt).^ Pancreatic juice of ass (Frerichs).* 


Water .... 900*76 Water .... 986*40 

Solid residue . . . 99*24 Solid residue . . . 13*60 


Organic matter . . . 90*38 Fat ..... 0*26 

Inorganic .... 8*86 Alcohol extract . . . 0*15 

W'^ater extract . . . 3*09* 

Soluble salts . . . 8*90 

Insoluble salts . . . 1*20 


Frerichs’ ^ water-extract ’ and Schmidt’s ^organic matter’ signify 
a substance resembling albumen and casein, but not identical 
with ptyalin. The pancreatic secretion differs from the salivary 
in containing more than double the amount of solid residuum, in 
which albumen and casein arc abundant ; while they exist in very 
small quantity in saliva. Saliva is neutral,* or contains a little 
alkaline carbonate : the pancreatic secretion contains a little free 
acid. Saliva contains siilpho-cyanide of potassium ; in the pan- 
creatic fluid there is none. 

This fluid completes the process of converting amylaceous 

* In using the terms ‘ eell ’ and ‘ nucleate cell ’ I would not be understood as imply- 
ing that such are progeny of previous cells, owing their origin to a genetic process 
inherited from ‘one primordial form into which life was first breathed (ccxiii". 
p. 484).* The cell is one of the forms in which protoino matter in solution may be 
aggregated, with limittition of size and d<*fiiiition of shape; such forms differing from 
crystals in being rounded instead of angular, as shown in the instructive experiments 
of Rainey (ccix". p. 9.) Accordingly, to express lliis act, I use, instead of ‘crys- 
tallise,* the word ‘ formify,’ for crystallisation ‘ formifaction,’ for crystallising ‘ formi- 
fying * : such terms imply, simply, the fact of the assumption of the forms called 
‘ granule,* ‘ corpuscle,’ monad,’ ‘ globule,* ‘ disc,* ‘ cell,’ ‘ nucleus,* ‘ nucleate cell,’ &c. 
‘ Formified particles ’ cling, like crystals, to the free, surface of the cavity containing 
the solution, and are then termed ‘ epithelial cells’ ; such surface seems favourable to 
the initiation of the foimifyiiig process: hut a largo pro}3ortion of the results of such 
process is manifested in the free state, like the fine crystals that follow concussion of 
water cooled gradually and quietly below the freezing point. 

CLXll". * CLXIll". 


K K 2 
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matters into sugar, which was commenced by the saliva. Bernard 
maintains that it also exercises the more important office of emul- 
sifying or saponifying the neutral fatty matters contained in the 
food, by decom])osing them into glycerine and their respective 
fatty acids, and so rendering them absorbable.* But the latest 
experimenters are agreed only in regard to the first result, and 
the chief office of the pancreatic secretion in digestion still awaits 
determination. 

§ 340. Peritoneum and apj^endages in Mammalia . — The abdo- 
men, as a definite and circumscribed visceral chamber, is peculiar 
to the present class: the heart and other thoracic viscera are 


shut out by the complete transverse septum or ^ diaphragm ’ from 
the major part of the trunk-cavity, to which the term ^ abdomen’ 
is now restricted. The serous membrane called ‘ peritoneum,’ 

which lines this cavity, is reflected 
from the walls upon the princi])al 
abdominal viscera to some of which 
it gives a complete, to others a 
partial, investment. In the human 
subject the peritoneum, as in the 
section shown in fig. 387, passes over 
the fore part of the abdominal aorta, 
iy the postcaval, /i, and the kidneys, 
hyk'y but is reflected so as to inclose 
the liver, stomach, spleen, and major 



Transverse section of abaonien throngli tlie 
first lumbar vertebra ; Human, coxxxv. 


part of the intestinal canal : it is con- 
tinued from the transverse fissure of 


the liver upon the lesser curvature of the stomach to form the gas- 
trohepatic omentum. At the level of the section figured, one part, 
f, is seen passing forward from the left kidney to enclose the sjdeen, 
by and the stomach, a: tlie opposite border, c, is the part of the 
lesser omentum inclosing the hepatic duct and vessels, c. Another 
fold of peritoneum is reflected from the upper and fore part of the 
abdomen upon the umbilical vein of the foetus, which afterwards 
degenerates into the " round ligament,’ d ; the supporting fold, g, 
being continued into the suspensory fissure of the liver, and form- 
ing its ^ falciform ’ ligament : other folds continued from the dia- 
phragm upon the opposed convexity of the liver are its ^coronary’ 
and triangular’ ligaments. The lesser omentum, more properly 
the "mesogaster,’ or peritoneal fold which mainly suspends the'sto- 
mach and conveys thereto its vessels, also covers and suspends the 
spleen; and this part of the mesogaster is termed the ' gastrosplenic 
omentum,’ of which, in Man, only the left or outer layer forms 
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the splenic covering. Both layers recede to include the stomach, 
fig. 388, whence they are continued from the line of the greater 
curvature over the fore part of the abdomen, and arc folded back 
to the colon, in the form of a large flap or apron, including vessels 
and more or less fat, forming the ^ great omentum,’ ib. <9, o : it is 
peculiar to the Mammalia^ coexists with the diaphragm, and may 
have useful relations as insulating the peristaltically winding in- 
testines from the constant respiratory movements of the abdominal 
walls. The posterior returning folds of the omentum meet 
the transverse arch of the colon, recede and embrace that intestine, 
as the anterior or descending folds had embraced the stomach ; 
the colonic folds arc continued 
back as a suspensory ^meso- 
colon the ui)per layer of the 
fold passes over the fore j)art 
of the duodenum and pancreas 
to the posterior abdominal 
walls, the lower layer is con- 
tinued a short way down those 
walls, and is again reflected 
forward to the small intestines 
as the anterior or upper layer 
of their suspending fold called 
^mesentery.’ The relations of 
the peritoneum to the pelvic vis- 
cera show no class-specialities. 

Large omental processes with 
accumulated fat are never con- 
tinued from the urinary blad- 
der, and rarely from the pelvic 
or other regions of the abdo- 

o 

minal walls, as they are in most 

lieptilia : * small ones from the Liver ratted 10 show the stomach ana great 

^ 1 1 • omciitum, llumuu. c’xlviii", 

serous coat ot the large intes- 
tine are developed in many Ungulates, and are called ‘ appen- 
dices epiploicie ’ in the human subject. The serous sac of the 
abdomen communicates with the mucous canal of the oviducts or 
^ fallopian tubes,’ but is elsewhere closed in the female, and is a 
shut sac in the male mammal. Productions of this sac, how- 
ever, accompany the testes into the scrotum ; but are insulated 
by obliteration of the canal of the spermatic cord in Man. 

The above leading features in the disposition of the peritoneum 
offer modifications in the present class. In the insectivorous 

* XX. vol. iii. pt. ii. p. 221. 
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species of the Ly- and Liss-encephala, with little or no caecal 
distinction of the intestines, the suspensory fold of the abdominal 
alimentary canal may be almost as simple as in lizards ; e. g., in 
the Shrews, fig. 389, nu The omentum is restricted to a very 
small duplicaturc from the spleen, 5, supporting some processes of 
the ramified pancreas. When the caecum and large intestines are 
more developed, then the peritoneum, reflected from the back of 
the abdomen, appears to make a half twist, fig. 380, c, to form 


389 



the mesocolon, behind which the duodenum passes to become 
the loose jejunum, which, with the ileum, is suspended on the 
mesentery. The meso-duodenum, continued partly from the 
upper layer of the mesocolon, is here of a size characteristic of 
the peritoneum in many Mammals, but is reduced in Quadni- 
mana, and is almost lost in Man. The great omentum or epiploon 
is larger in Eodents than in Shrews ; but is transparent, and 
with little or no fat: it includes, in Eodents, pancreatic processes. 
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ib. o, with the spleen. In the Kangaroo it is of moderate size, 
continued loosely from the stomach to the transverse colon, but 
not extended beyond that part. The posterior layer lies be- 
tween the stomach and the intestines, and exemplifies one of the 
uses of the epiploon, as it prevents these parts from inter- 
fering with each otlier’s motions. The anterior layer generally 
contains more or less fat. In the Petaurus the epiploon is 
continued from the great curvature of the stomach and the 
commencement of the duodenum. In the Phalangers it is of 
considerable extent and is usually loaded with fat. In the 
Opossums I have found it generally devoid of fat, when this 
substance has been accumulated in other parts. In the Phasco-^ 
gales and Dasyurcs the epiploon is of moderate size, and contains 
little or no fat. The epiploon is attached to the lower arches 
of the several divisions of the stomach in Cetacea^ is always 
devoid of fat, and is of limited extent : the subdivided spleens, 
fig. 355, /, are scattered in it, as in a net : it is in parts reticu- 

late. The epiploon is small and does not cover the intestines in 
SireniOj ProboscAdiciy and Perissodactyla. It is, also, of limited 
extent in the Ilog-tribc. In fatted Sheep it is larger and is reti- 
culated with adipose matter. It is attached, in Eurninants, to the 
right side of the left division of the rumen, and along its anterior 
or ventral convexity, passing from the right of this to the abomasus 
and the beginning of the duodenum: it docs not cover +he intestines, 
and is commonly found crumpled up beneath the paunch. The 
reticulate structure of the great omentum appears to be natural 
and pretty constant in the Dog and some other Carnivora : in the 
Seal the omental fold is thin and devoid of fat. 

The peritoneum lining the elastic ventral wall of the abdomen in 
the Elephant and Ehinoceros is of unusual thickness and strength, 
the areolar tissue connecting it to adjacent structures presents an 
aponeurotic firmness : the free surface of the serous membrane I 
found to be white and opaque:' it is generally transparent and 
opaline or colourless. In some hibernating Rodents a fold of peri- 
toneum extends forward from each lumbar region, covering the 
lateral convolutions of the intestine as far as the umbilicus, and 
towards the beginning of winter becoming the seat of an abdominal 
deposit of fat : they may serve with the ordinary omentum the 
double purpose of nonconductors of heat and a store of nutriment. 

[Since Sheets t-dd were printed off, the excellent Paper clxxxvi" has appeared, 
showing that the deciduous teeth of the mole, though too minute to seem of use, 
are not shed until after birth. In other respects Mr. Spence Bate confirms the 
talpine formula given at p. 304.] 
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ABSORBENT SYSTEM OF MAMMALIA. 


§ 341. Lacteals . — In Mammalia the intestinal villi constitute a 
^nodification of surface intimately related to the formation and 
more especially to the absorption, of chyle. Such villi, e.g. of a 
calf killed after being fed with milk, exhibit, when magnified 



as in fig. 390, a central canal, dilat- 
ing towards its end, c, white or opaque 
with chyle : it appears to be an ex- 
cavation in the substance of the 
villus, and the only definite tunic ks 
the limitary membrane, a ; from which 
the epithelium (shown in fig. 350, o) 
has been removed. The columnar 
cells of which this epithelium is com- 
posed are the direct agents of absorp- 
tion. Each cell becomes gradually 
filled by a clear globule of refrac- 
tive fluid, like oil. The scattered 
cells which arc first filled, cause 
parts of the surface of the villus 
to glisten, as in fig. 391, in contrast 
with the darker tracts of unfilled 
cells. The oil-like globule next un- 
dergoes changes, represented in the 
cell-series, fig. 392, which mainly 
consist in a subdivision or reduction 
of the globule, d, to the granular 
state in «, the nucleus of the colum- 


intcstinai vim with lacteal canal, Calf, nar ccll remaining unchanged. These 

magn, CLXxviii". , i ^ . 

granules, or molecules, escape by 
rupture or solution of the cell-wall, penetrate the limitary 
membrane, become aggregated in the basal tissue of the villus, 
and finally enter the lacteal canal. Dead animal membrane does 
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not prevent the effects of the ever-present, ever-active force which 
manifests itself, e.g., in the combination of an alkaline solution 
with a less alkaline fatty emulsion 
previously separated by sueh mem- 
brane : and the eell-wall would offer 
much less j)hysical resistance to the 
diffusive interchange than the mem- 
brane used, e.g., in Matteucci’s ex- 
periments. ^ But, besides the act ot 
physical imbibition, with which the 
intussusception of aliment by mo- 
nads or nucleate cells is closely re- 
lated if not identical, there are also 
assimilative changes effected by these 
organites. Viewed by the microscopic 
aids of the last century they were 
thought to be orifices by which the 
chyle was sucked up and then con- 
veyed by beginnings of the lacteal ab- 
sorbents to the central space or ^ trunk,’ 
of which Cruikshank saw ^ but one in 
each villus ’ of a female who had died 
suddenly a few hours after a full meal (cLxxviri"): o» casionally 
two have been seen with looped unions in one villus : in Mam- 
mals with broader villi the chyle-cavity is reticulate. These 
trunks are, however, the first de- 
finite absorbent channel, and, ac- 
quiring proper walls, unite together 
at the roots of the villi to form a 
network at the areolar basis of 
the mucous membrane, whence 
branches proceed to perforate the 
muscular coat, and take a trans- 
verse course to the line of attach- 
ment of the mesenteric layers. There are, also, superficial ab- 
sorbents of the serous coat, which affect a longitudinal course and 
unite with the lacteals in their passage to the areolar interval of 
the layers of the mesentery ; here they traverse the mesenteric 
glands, and progressively unite into a plexus surrounding the 
superior mesenteric artery. The lacteals and lymphatics from 
the caecum and colon, which also traverse absorbent ganglions or 


Intestinal villus, Dog, magn. 400 dlani 
two hours after feeding, oxlviii'' 


392 



Epithelial colls of a villus, during absorption 
of fat, mugn. 300 dlam. cxLvii i". 
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glands, ultimately join the mesenteric lacteals, and the contents or 
the whole intestinal system of absorbents are carried by a few 
trunks to a ‘ chyle-receptacle,’ hg. 399, n, at tlie root of the mesen- 
tery, whence are continued the beginnings of the ‘ thoracic duct.’ 

§ 342. Li/mphatics— These differ from the lacteals only in the 
nature of their contents, and even this is a temporary or contingent 
difference, for the lacteals convey a clear lymph, when the func- 


tion of chylification is suspended. The gastric absorbents accoin- 
]>anying the right gastro-epiploic vessels communicate behind 
the beginning of the duodenum Avith ^ lacteals ’ and absorbents 
from the liver : the gastric absorbents from the lesser curvature 
join those of the liver descending ^ Glisson’s capsule : ’ the ab- 
sorbents accompanying the left gastro-epiploic vessels unite Avith 
those from the spleen. The pancreatic absorbents communicate 
partly with the splenic ones, partly with the duodenal lacteals. 
The deep-seated absorbents of the liver, continued from the initial 
plexuses already adverted to in the portal fissures, fig. 373, 
emerge Avith the hepatic ducts, and are joined by those of the 
gall-bladder and by many of the superficial absorbents : they 
traverse glands in ‘ Glisson’s capsule.’ Some of the superficial 
absorbents ascend along the coronary and lateral ‘ ligaments ’ and 
enter the thorax, independently of the trunks of the deeper-seated 
ones. They combine Avith the absorbents of the heart and lungs 
and those accompanying the ^ internal mammary ’ vessels to 
form three or four trunks communicating with the thoracic duct. 
The direct work of taking up waste tissues is done by indepen- 







E Lympliatlcsi. CLXViii" 


dent organites : the earliest recognition 
of absorbents is as intercellular spaces 
or areolse (vol. i. p. 455), or serous cavi- 
ties; the canals continued from which, 
when filled by injected fluid, resemble 
a ^plexus,’ such as Breschet has deli- 
neated in figure 393 ; such plexiform 
beginnings are commonly superficial, 
as beneath the skin and the serous sur- 
face of organs : in the substance of or- 
gans and tissues the origins are ^lacunar’ ; 
in both forms the free surface shows 


nucleate scale-cells. When a distinct wall can be defined, the 
lymphatics of Mammals are seen to be more numerous, mi- 
nute, and Miighly finished’ than in lower Vertebrates. And, 
though remarkable for their almost transparent delicacy, their 
Avails are strong, and in them may be distinguished fibrous layers 
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and a lining membrane ; the latter consists of flat and nucleate 
epithelial cells, adherent to a reticulate subfibrous membraniform 
basis : it presents a smooth surface, like that of a serous membrane, 
to the naked eye. The fibres of the middle tunic affect a circular 
arrangement, are contractile like other fibres of the ^smooth 
system,’ and arc also elastic. An outer tunic may be defined by 


394 395 



Valvt‘8 of Lyinpyjatlcp, (t, horse ; 6, humau ; Valves of Lymphatics, 

inagn. ChXViii". CLXViii". 


the longitudinal course of the fibres of the condensed areolar 
tissue mainly forming it. In the thoracic duct longitudinal 
fibres of the ‘ smooth ’ kind are distinctly superadded to the outer 
coat, and a reticulate membrane has been 
detected between the inner and fibrous tunics. 

In the present class, the inner tunic is folded 
to form many and efficient valves, of the A 
^ semilunar ’ form, and commonly in pairs, 
fig. 394, rarely single : it is reflected from 
the fibrous coat half-way across the area of 
the vessel and then folds back upon itself to 



return to the wall, which it continues to line 
until it forms the next valve. The two layers 
of the fold firmly adhere, and oflTer great re- 



sistance to any pressure upon their concavity. 

In figure 395, a shows a side-view, h an 
oblique, and c an end-view of the usual dis- 
position of the valves in pairs in distended 
lymphatics, when their free margins meet and ^ » i 
close the area of the vessel to prevent the 
lymph flowing back. Mr. Lane has figured 
three varieties in the valves of lymphatics, fig. varieties of v«ive.s of Lym- 
396, near their entry into the conglobate bodies 
called ^ glands.’ In A, one fold, was less than the other and 


the margins of the outstretched folds did not meet or perfectly 
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close the vessel, the inner surface of which is shown at a : in B 
the folds were continuous forming a subcircular valve, and con- 
tained both fibrous and serous tissues ; in c, besides the ordinary 
pair of semilunar valves, />, there was a subcircular fold, c. 

§ 343. Absorbent (janfflions, — These bodies, also called lympha- 
tic or lacteal ^ conglobate glands,’ are much more numerous in 
Mammals than in other Vertebrates. In the limbs they are 
chiefly situated at the flexures of the joints ; and, being connected 
by a looser tissue to surrounding parts, elude pressure by the 
freedom of motion so allowed. They occur in the neck and head 
external to the cranial cavity : in the thorax at the anterior and 
j^osterior ^ mcdlastina,’ and at the bronchial trunks where they 
arc usually discoloured by black carbonaceous matter. In the 
abdomen they are found in the mesentery, near the spleen, and 
along the side of the aorta, post-caval, and iliac vessels. In the 
neighbourhood of the liver and gall-bladder post-mortem exudation 
tinges them yellow : as a rule, they are of a pinkish grey tint. 
The absorbents which enter the gland, fig. 397, b, «, a, are com- 
monTy smaller and more numerous than those that quit it, ib. 

€ : the former, or ^ vasa inferentia ’ divide into small branches 
previous to entering. They then finely ramify, lose their proper 
tunics, and become continuous with those lacunar channels or 
^ vacuoles ’ which appear in the cell-mass of the developing 
glands.' The preponderance of the fibrous tissue left, as it were, 
in the peripheral part of the gland gives ground for the distinction 
of a ^ cortical ’ from a ^ central ’ portion. But there is no definite 
boundary-line: septa extend from the ^cavernous’ capsule, at 
first lamelliform in the cortical part and becoming cord-like or 
^ trabecular ’ in the central part. In the latter, the lymph- 
channels become larger, especially in the mesenteric glands, and 
have been termed ^ loculi : ’ they are large in the mesenteric 
glands of the Cetacea^ though not in the degree, or with the 
anatomical relations, described in CBXXiv", p. 27. They are 
paved by the flat nucleate cells, and usually contain a whitish 
pulpy matter : minute plexiform vessels, surrounding the ^ loculi,’ 
form the beginnings of most of the ^ vasa efferentia,’ ib. c ; a few 
are direct continuations of the inferent vessels. 

§ 344, Disj)osition of Lymphatics. — In the Mammalian class 
the anatomical disposition of the lymphatic system has been 
most completely traced out in the human subject. Success- 
fully injected, the superficial lymphatics of the lower limb 
present the general arrangement shown on the fore-part of 

* CLXxvi". p. 152. 
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the leg, in Mascagni’s magnificent work (clxxi"), from which 
fig. 398 is reduced. On the inner side they tend to converge 

397 398 



Lynipliatlo glands Injected with mercury. CLXXi". 


about the vena saphena, and, with 
the deeper-seated ones, mainly unite 
into trunks which again subdivide 
to enter the ^ inguinal glands,’ fig. 
399, 1, 2. Their efferent trunks 
affect the course of the iliac vessels, 
converging toward and uniting by 
cross branches with those of the 
opposite side, and communicating 
with tlie lacteal system, at the ^ re- 
ceptaculum chyli,’ ii, whence pro- 
ceed the origins of the thoracic duct. 
This, in Man and most Mammals, 
enters the thorax between the aorta 



Superficial lymphatic.^ of the lower extre* 


and vena azygos, and lies behind the • ^’^**^"* 

msophagus in the posterior mediastinum. It is frequently tor- 
tuous and rarely single throughout. It often splits into two 
or more branches, which after a longer or shorter course reunite ; 
this division and reunion may be two or three times repeated. 
The princijial canal, in Man, fig. 400, a, a, mounts into the 
cervical region in front of the vertebral artery and vein to the 
level of the seventh cervical vertebra, opposite to which it be- 
gins to form a curve, first forward and outward, then downward 
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and inward, over the subclavian artery to reach the angle of union 
between the left subclavian, s, and internal jugular, /, veins, at 
which point it empties itself into the venous system by one or 
more branches. The corresponding veins on the right side also 

390 



Absorbent trunks ol Inguinal and lumbar regions, with reccptaculuin chyli ; Human, clxx ' 

receive lymph, but usually by a short trunk, ib. c. There have 
been observed, in Man, varieties which arc more constant in some 
lower Mammals, as, e.g., a double ‘ thoracic duct,’ one terminating 
in the left, the other in the right subclavian vein ; a bifurcation 
of the duct at a higher or lower level, one branch terminating in 
the angle of union of the subclavian and internal jugular veins of 
the left side, the other emptying itself either into the correspond- 
ing point on the right side or joining the right lymphatic trunk. 
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close to its termination : a single trunk terminating altogether on 
the right side of the conflux of the internal jugular and subclavian 
veins, in which case a short lymphatic trunk is found on the left 
side similar to that which usually exists on the right, constituting 
a partial lateral inversion or transposition confined to the trunks 
of the lymphatic system. The right lymphatic trunk nearly equals 
the thoracic duct in dia- 
meter; it is, however, not 
more than half an inch in 
length. Its situation is in 
the neck at the level of the 
lower edge of the seventh 
cervical vertebra, lying 
close to the inner edge of 
the ^ scalenus aiiticus,’ 
and opposite to the union 
of the subclavian and in- 
ternal jugular veins, at 
which point it terminates 
in the venous system. It 
receives the lymphatics of 
the right upper extremity 
and of the right side of 
the head and neck, those 
from the right lung and 
right side of the heart, 
some few from the right 
lobe of the liver, and from 
the exterior and interior of the right upper half of the body. 
Sometimes the trunk of the cervical lymphatics, fig. 400, c, enters 
separately the jugular vein,J. 

§ 345. Mammalian modifications. — The lacteals in Dasyiu'us 
viverrinus converge to two subelongate, dark-coloured mesenteric 
glands ; one of them situated near the pylorus, at the end of the 
pancreas. The cysterna chyli is plexiform in the Marsupials 
which I have examined ; in the Kangaroo it lies upon the crura 
of the diaphragm, and extends upon the right side above the dia- 
phragm into the thorax. Two thoracic ducts are continued from 
the cysterna, one along the left, the other along the right side of 
the bodies of the dorsal vertebrae. The right duct crosses the 
seventh vertebra and joins the left, which again divides and re- 
unites, forming a slight plexus, before finally terminating at the 
confluence of the left subclavian and jugular veins. The double 



Tlic (lioracic duct anil rigid lymidiatic trunk ; Human 
rLX.v". 



thoi^ci<y duct has been observed, with a similar arrangement, in 
the and Sea-otter. In most Carnivora the mesenteric 

glands ai&e aggregated in one mass, known to the old anatomists 
as the ^ pancreas Asellii : ’ in the Weasel it is in two masses, and 
in the Cat, Ichneumon, and Seal has been found more subdivided. 
In these, however, there is one principal gland or ‘ vasoganglion,’ 
the efferent vessels of which quickly unite into a trunk grooving 
its dorsal surface in the Seal, from which two main canals |)rocced 
to the thorax. In Ungulata and Quadriirnana the mesenteric 
glands are numerous. I have noticed a large one in the meso- 
colon of the Echidna, near the rectum. The chylc-rcceptacle is 
large and cavernous, sometimes bilocular, in the Horse : the 
thoracic duct has shown varieties like those above described in 
Man, but it always terminates in the prccaval vein at the union 
therewith of the two jugulars. In the Ox the lymphatic trunk 
perforates the diaphragm by an aperture distinct Irom that of the 
aorta: it usually bifurcates, sometimes becomes plexiform, in the 
thorax : the two divisions diverging to the right and left inno- 
minate veins formed by the junction of the jugulars and axillaries. 
In the Hog the thoracic duct has been observed to terminate in 
the azygos vein. The orifice of communication with the venous 
system is usually defended by a pair of semilunar valves; but 
varieties have been noted, and, after death, blood has been 
observed in the thoracic duct of the Horse. 

Independent movements of contraction and dilatation have been 
witnessed in the chyle-receptaclc and lacteals of the Ox ; * but no 
rhythmically pulsating sacs have been detected in the absorbent 
system of Mammalia, nor have other points of communication with 
the venous system been uncontrovertibly determined, save those 
above described. 
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CHAPTER XXXII. 

CIRCULATINO SYSTEM OF MAMMALIA. 

§ 346. Blood of Mammals. The blood in this class is hot and 
red, with a proportion of organic matters to the water as great as 
in Birds, and more abounding in blood-discs, which, as a rule, are 
of a circular form, and of smaller size than in Ovipara^ consisting 
of viscous heinatosine without a cell-wall (vol. i. fig. 8, rz, h). 
Besides the ordinary red discs there occur pale or granulated 
vesicles, the appearances of which, in the blood of a Perameles 
examined by me in 1838, ^suggested the idea that such blood- 
disc was undergoing a spontaneous subdivision into smaller 
vesicles.’ ^ 

The existence of a capsule, or rather a difference between tlie 
peripheral and central parts, in ordinary mammalian blood-discs, 
seems to be demonstrated by submitting them to a solution of 
magenta, when the contents become a faint rose colour, with a 
more deeply tinted outline, at least in part of their circumference : 
occasionally a definite part, like a nucleus, is recognisable. 

In the highest class of Vertebrates the several tissues of the 
body are best defined and, so to speak, most highly finished: 
the condition of organic matter by and through which the acts 
of addition and subtraction are performed in relation to the 
growth, maintenance, and renovation of such tissues is the 
formified protcine substance, or organite. It would seem that 
mere fluid Avould not serve the purpose : the more solid particles. 


* CLXXTx", p. 474. This idea lias received confirmation in various degrees; e.g., hy 
Quekett (‘Med. Gazette,’ Januaiy, 1840), by Martin Barry (‘ Philos. Trans.’ 1840, p. 
695), by Wharton Jones (ib. 1846); and more recently by Dr. Roberts, of Manchester, 
in his instructive researches, aided 4)y the effects of a solution of magenta on the blood. 
‘ The pale corpuscles were more strongly tinted than the red ; and their nuclei w’cre dis- 
played with great clearness, dyed of a magnificent carbuncle-red. A number of the 
nuclei were seen in the process of division, more or less advanced, and in some cells’ 
(my ‘ granulate vesicles ’) ‘ the partition had issued in the production of two, three, or 
four distinct secondary nuclei. There was evidence that these secondary nuclei were 
set free in the blood, and, by subsequent enlargement and change of form and chemical 
constitution, developed into rod blood-discs.’ — -Proceedings of the Lit. and Phil. Society 
of Manchester, 1866. 
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called blood-discs, added to the " liquor sanguinis,’ move in single 
file along the terminal capillaries of the circulating system and 
here come into the requisite contact with the tissues for the in- 
terchanges in question. One visible result of the giving and 
taking through attracting and repelling forces, usually defined as 
^ vital,’ * is the change of colour which here takes place, viz,, from 
florid to modena, in the general system, and the reverse in the 
res])iratory one. Agreeably with this view of the function of the 
blood-discs we find them, in relation to the grade of histological 
development in the class, to be the most nunierous and most 
minute relatively to the bulk of the body, in the present : in other 
words, the collective circulating surface effecting organic inter- 
change is greatest in the blood of Mammals. 

The blood-discs are squeezed in the narrowest tract of the 
capillaries, and by their elasticity resume their shape in the wider 
part: they are not constantly separated by plasma from the 
capillary wall, and the thickness of that wall is very inferior to 
that of the membrane which experiments have shown to allow of 
endosmotic transit of matters. The mammalian blood-corpuscle, 
as a general rule, is a circular disc ; and, instead of being swollen 
in the centre by a nuclear part, is there thinner ; the disc is conse- 
quently slightly biconcave : it consists of the albuminoid coloured 
matter, insoluble in serum, called hematosine, the particles of 
which have aggregated, according to their formifying forces, into 
the discoid shape. The colour of the individual blood-disc is 
yellow ; lighter in the middle where it is thinnest, deepening to a 
red tint only when light is reflected from a thickness resulting 
from an aggregate of many discs : the quantity of the disc- 
substance similarly affects transmitted light. 

The average diameter of the human blood-disc is - 3 ^^th of an 
inch (vol. i, fig. 8, a). I early availed myself of the menagerie 
of the London Zoological Society to test the characters of size 
in the Mammalian class, and communicated the two extremes, ob- 
served, e. g., in the Elephant and Pygmy Musk (ib. A), with some 
other instances from different orders, including Marsupials and 
Monotremes, so far as to determine the class-characteristic afforded 

^ ‘ Tons Ips faits les mieiix constattSs me semblent montrer que Ics globules du sang 
ne sont pas de simples conertHions inertes de raati^ro animale resultant d’line sorte de 
precipitation on de coagulation spheroidale; quo ce sont au contrairo des parties 
vivantes;’ ccxxxix. p. 80 . Nevertheless if, as Achorson thought he observed, 
(cnxxxiii") the white or granular globules should be a result of reaction of oil-like 
particles ori proteine-matters in plasma, their manifestation of forces, though called 
‘ ^ntal,’ would not be valid against an observed mode of ‘ spontaneous generation’ or 
‘ formifaction ’ of such globules. 
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by the size of the blood-discs.^ In every individual a certain range 
of size was presented^ and the two extremes and the average were 
recorded : thus, in the Indian Elephant, tbe largest blood-discs 
were twice the size of the human, and the smallest was not less 
than -33^ th, the average being 25V0 of an inch.^ In the Che- 
vrotain ( Tragulus Kanchil) the average diameter of the blood-disc 
was th inch. In the Giraffe the average size of the blood- 

discs was th inch, or nearly one-third smaller than those of 
Man ; the two extremes were :roVo (^ow in number), 4 ^Vo th of 
an inch (more in number). ^ The result of the examination of 
the blood of the largest of the ruminating tribe indicates that the 
size of the blood-discs relates to the condition of the whole organi- 
sation rather than to the bulk of the species. It would appear from 
the examination of the blood-discs in the goat, sheep, and ox, that 
an unusually small size of the blood-discs was associated with the 
peculiarities of the ruminant structure.’ ^ This generalisation has 
not been affected by later observations. Mandl ^ had discovered 
in the Dromedary that the blood-discs were elliptic. I confirmed 
the fact, giving the long diameter of the average- sized discs as 
■3 sVo inch, the short diameter ^ remarked 

that among tlie elliptical discs were a few of a circular form. 
Extending the observation to the smaller South American species 
of the aberrant ruminant family, I found the elliptical form to pre- 
vail in the blood-discs of both Llama and Vicugna.'^ In the latter 
the average dimensions were, in long diameter 3 ? short diameter ^ 

¥riT¥* Wharton Jones subsequently observed blood-discs 

of a circular form with the more numerous elliptic ones in the 
Llama.® These exceptional instances to the Mammalian form gf 
blood-disc are not associated with any other approximation to the 
oviparous type : the oval kind are equally non-nucleate with the 
ordinary circular blood-discs, and adhere to the ruminant charac- 
teristic of minuteness of size. Within the limits of that natural 
group, it will be observed that there is a ratio between the size of 
the blood-disc and that of the animal. But such ratio is quite 
inapplicable to the Mammalian class generally. If the CarnelidcB 
repeat a reptilian shape of blood-disc, the Sloths have the largest 
blood-discs in pro2)ortion to the body : but neither one nor the 
other character occurs in the Monotremes and Marsupials which 
combine the greatest proportion of oviparous characteristics in 
their Mammalian organisation. In the Echidna and Ornithorhyn- 

* CLxxix". * Ib. p. 284. » Ib. p. 284. 

* CLXXXIl", p. 1060. * Ib. p. 475. • CLXXXl". p. 73. 

L 1. 2 
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chus the blood-discs are circular and average inch in 

diam. : being larger in proportion than in Man, though less than 
in the Sloths. The numerous and insignificant gradations of size 
of Mammalian blood-discs between the two extremes noted in 
CL,xxix"have been recorded, decimally, in‘ccxxxix, vol. i. p. 84. 

§ 347. Heart of Mammalia, — In Mammals, as in other Hiema- 
tothermals, the venous and arterial parts of the vascular system 
have no communication, beyond the heart, save at the peripheral 
capillaries. 

The right auricle is less definitely divided into ^ sinus ’ and 
^ auricle’ proper than in Birds, and the intervening valves, always 
less efficient against reflux from the auricle into the sinus, 
gradually disappear. The right auriculo-ventricular valve re- 
sembles ill structure the left, as being membranous and attached 
by tendinous threads to muscle. Other differences between the 
circulating systems of the two' hot-blooded classes are shown by 
blood-vessels. 

The heart, with its bag, or pericardium, is exclusively located 
in the thorax, and in many Mammals is more or less separated by 
a lobe of the lung, fig. 308, from the diaphragm, q, 

A. Heart of Lyencephala, — In the Ornithorhynchus, fig. 308, 
a. h, <?, it presents a rounded oblong, scarcely conical, form ; it is 
situated in the middle of the fore part of the chest, parallel with 
the axis of the cavity, inclosed in a thin sub transparent but strong 
pericardium. The right auricle, is larger and longer than the 
left ; its appendix is free and is slightly bifid. It receives the 
venous blood by three great veins ; the left precaval, f descend- 
ing behind the left auricle, c, to join the termination of the post- 
caval, 1i ; to the right of which the coronary vein also terminates 
in the auricle. The right precaval, c, is joined to the left by a 
transverse branch, g. There is a deep but closed fossa ovalis 
near the upper extremity of the septum of the auricles ; in- 
dicating that the intra-uterine existence of the young was of 
longer duration than in the Marsupials. The right ventricle, a, 
is ca])acious, with thin parietes. The tricuspid valve consists of 
two membranous and two fleshy portions : the smallest of the 
latter is situated nearest the origin of the pulmonary artery, and 
corresponds with the lesser fleshy valve in the heart of certain 
Birds (vol. ii. p. 188, fig. 92, m) : it is attached to the whole of the 
side of the first or adjoining membranous portion. The second 
fleshy portion answers to the larger muscular valve (ib. fig, 92, Z). 
The two edges of the lower half of the second fleshy j^ortion of 
the valve in the Ornithorhynchus are free ; but those of the 
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upper half are attached to the two membranous portions of the 
tricuspid valve ; the margin of the membranous part of the valve 
is attached to the fixed wall of the ventricle by two small chordj® 
tcndineie ; and the structure of the valve thus offers an interesting 
transitional state between that of the Mammal and that of the 
Bird. The origin of the pulmonary artery is provided with the 
three usual sigmoid valves. The left ventricle has very thick 
j)arictes, which form the apex of the heart ; the mitral valve is 
membranous ; the larger flap is attached to two strong colurnna) 
carneie ; the smaller flap also receives tendons from some smaller 
columnsc. The left auricle, c, receives two pulmonary veins. 
In the Echidna the free appendix of the right auricle is slightly 
indented. The terminal orifice of the right precaval is protected 
by a membranous semilunar valve, extending from its left side. 
The musculi pectinati diverge from a strong fasciculus which 
extends from the appendix to the orifice of the inferior cava ; 
this fasciculus bounds the left side of a wide fossa ovalls, which 
is imperforate. The ])ostcaval is protected by a large membranous 
Eustachian valve; the left precaval terminates by a distinct 
aperture to the left of the preceding, and is also defended by a 
process of the Eustachian valve. The inner surface of the right 
ventricle is more irregular than in the Ornithorhynchus ; the 
free wall is attached to the fixed one by several columna) carnea3 
and short chorda3 tendineoe : the tricuspid valve is membranous, 
and consists of one principal portion attached to the exterior 
circumference, and a smaller portion closing the outer angle ; the 
free margin of the valve is attached to the extremity of a large 
fleshy column, arising by different roots from both the fixed and 
the free walls of the ventricle ; a short fleshy column is attached 
to the left extremity of the valve ; some chorda) tendinea) are 
fixed to its right angle. 

The heart of Marsupials offers no peculiarity in its genera^ 
outward form. The apex is less obtuse in some species, as the 
Phalanger and Wombat, than in others, as the Kangaroo. The 
serous layer of the pericardium is reflected upon the large vessels 
near to the heart. The fibrous layer of the pericardium adheres 
to the sternum. The appendix of the right auricle is always 
divided in^o two angular processes, a, «, figs. 401 and 402, one 
in front and the other behind the trunk of the aorta, o. The 
right auricle presents the following marsupial conditions: — There 
is no trace of a ^ fossa ovalis ’ or an ‘ annulus ovalis,’ * and the 
absence of these structures, which are present in the heart of all 

* XX. vol. ii. p, 52. 
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the placental Mammalia, relates to the very brief period during 
which the auricles intercommunicate in the Marsupials, and to 
the minute size, and in other respects incompletely developed 
state, at which the young marsupial animal respires air by the 
lungs, and has the mature condition of the pulmonary circulation 
established. The right and left auricles intercommunicate by an 
oblique fissure in the uterine embryo of the Kangaroo when 
two-thirds of the period of gestation is past, but every trace of 




Heart of the Kangaroo. 


Heart of the Wombat. 


this foetal structure is obliterated in the subsequent growth of the 
heart ; so that in the mature animal the wide terminal orifice of 
the postcaval, ib. d, is separated from that of the right prccaval, 
lb. b, by a simple crescentic ridge, ib. e, which forms a salient angle 
of the parietes of the auricle between these apertures. J'he orifice 
of the left prccaval, ib. c, is close to that of the postcaval, in a 
position analogous to that of the coronary vein in Man, which 
here opens into the left prccaval. The right auriculo-ventricular 
valve IS membranous, and its free margin is attached by fine 
‘chord® tendine®’ to three mammillary ‘ column® came®;’ these 





HEART OF LISSENCEPIIALA. 


519 


in the Kangaroo, fig. 401, arise from the septum of the ventricles, 
but irf the Wombat, fig. 402, the base of two of the ^ columnar’ 
is situated at the angle between the septum and the thin outer 
wall of the ventricle. The right ventricle extends nearly to the 
apex of the heart in the Wombat, but falls short of that part in 
the Kangaroo. The ventricle is continued in a conical form, 
somewhat resembling a ^ bulbus arteriosus/ to the origin of the 
pulmonary artery,/, figs. 401 and 402, and projects beyond the 
general surface of the 403 

heart further than in or- 
dinary Mammalia. The 
appendix of the left au- 
ricle is notched in the 
Kangaroo to receive the 
apex of this process, but 
not in the Wombat. Two 
pulmonary veins, i, fig. 

403, terminate close to- 
gether, or by a single I-. • 

trunk, at the upper and 
dextral angle of this au- 
ricle. The mitral valve 
is regulated by two short 
and thick mammillary 
columnse, ib. A, A, which 
send their tendinous 
chords to the margin 
and ventricular surface 
of the valve. 

The ventricles and ^cart of uie wombat, 

auricles present the usual Mammalian proportions and relative 
thickness of the parietes. Three sigmoid valves are situated at 
the origin of the pulmonary artery, and the same number at that 
of the aorta. 

B. Heart of Lissencephala , — In most species of this subclass * 
the right auricle shows the modifications resulting from the return 
of the blood thereto, as in Lyencepkalay by two distinct precavals, 
of which the left opens alongside the postcaval into the lower 
(sacral) part of the auricle, as in figs. 401, 402. In the Por- 
cupine a large ^ Eustachian ’ fold is on the auricular side of the 

^ Cajpromys is an exception, among the Rodents : at least in the specimen I dis- 
sected, the blood from the head and fore-limbs entered the auricle by a single precaval 
vein. cxxx". p. 72. 
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postcaval aperture, and a slight ridge indicates the remains of the 
upper fold, forming the boundary of the ^ sinus venosus.’ In the 
great Anteater I observed that the resemblance to the auricular 
valve in Reptiles was rather closer : — the entry of the postcaval 
was guarded as usual by the Eustachian valve, or homologue of 
the lower of the two semilunar valves between the sinus and the 
auricle in the Crocodile (vol. i. fig. 339): and here there was 
also a narrower valvular fold or ridge on the opposite side of the 
jiostcaval orifice, answering to the second valve (ib.): a ridge is 
continued from both valves toward the opening of the precaval. In 
the Elcj)hant, also, which shows its rodent affinity in the two pre- 
cavals, there is, besides the ^ Eustachian ’ between the orifices of 
the postcaval and left precaval, a remnant of the upper valve ex- 
tending from the posterior side of the orifice of the right precaval. 

The inner surface of the right ventricle is smooth and even, 
little broken by trabeculae, in Rodents and other Lissencephaln. 
Two or three slender ^ mammillary columns ’ send tendinous 
chords to the tricuspid valve in the Porcujnne and Hare. The 
apex of the heart is sub-bifid in the Hare and Acouchi : it is simple 
and obtuse, with the ventricles broader and rather flattened from 
before backward, in the Beaver: it is relatively longer and less 
obtuse in the Water-vole: in neither of the aquatic Rodents are 
the foramen ovale or ductus arteriosus kept j^atent. In most 
Rodents the right ventricle reaches to the apex: in Ilelamys 
it even descends lower than the left ventricle. The heart is short 
and obtuse in the Sloths: the auricles almost cover the basal 
part of the ventricles : the pericardium adheres to the diaphragm 
by loose cellular tissue, and the thoracic part of the postcaval 
is short. The pericardium is not so attached in the Armadillos, 
and the heart is more oblong in shape, with the apex more 
sin is trad : the lower third forming the apex is due wholly to 
the left ventricle, from the basal part of which the right ven- 
tricle projects, like an appendage, in Dasypus Peha. Orycteropus 
has the Eustachian, but not the Thebesian, valve : the muscular 
walls of the left ventricle are four times thicker than those of the 
right; but are almost smooth internally. With an unusual 
thoracic convexity of the diaphragm, in the Mole, is associated a 
less symmetrical position of the heart than in other Lissencc- 
phalans.* The tenuity of the pericardium is a characteristic of 
many Insectivora : notably of the Hedgehog. 

C. Heart of Cetacea. — In these marine and fish-like Mammals 
the heart, like the brain, shows higher characters than in the 
I)receding subclasses. The pericardium extends down upon 

’ cxxii'. tom. iv. p. 48G. 
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the abdominal muscles to reach the diaphragm, which has a like 
low position anteriorly, to which it adheres broadly : and the 
precavals unite and terminate in the auricle by one orifice: 
the thoracic part of the postcaval is very short. The musculi 
pcctinati are well developed in the right auricle, and the 
appendix is distinct, but undivided. The fossa ovalis is feebly 
marked in the Cachalot, is deeper in some TJelphinida3, but in all 
Cetacea it is closed : there are neither Eustachian nor coronary 
valves. In the Cachalots and Whales the ventricular mass is 
siibdepressed and semicircular, the apex being rounded or rather 
flattened, and sometimes indented : for the right ventricle is co- 
extensive with and sometimes terminates, as in the Mammalian 
embryo, distinctly from the left. In Plioceena and most 
phinidcBy the apex of the ventricle is sim2)le and better marked. 
The movable wall of the right ventricle has about half the 
thickness of that of the left, showing the exercise of greater force 
in propelling the blood through the lung, than in land Mammals. 
Tlie tendons of the tricuspid valve go to three short and thick 
columns in most Cetacea ; but the rest of the inner surface is 
broken by strong trabecular bands. Hunter notes the soft 
yielding substance of the semilunar valves in the Hi/peroodon he 
dissected, suggesting that they were naturally less strong than 
in land Mammals.* The left auricle is less than the right, with 
many well-defined muscular columns on the inner surface, and 
a distinct appendix ; but is less 
fleshy than the right auricle. 

Ill the left ventricle both tra- 
becular and mammillary forms 
of muscular processes of the 
inner surface are numergus. 

The most striking feature 
in the anatomy of Whales is 
the vast size of their several 
organs : the heart may be more 
than a yard in transverse dia- 
meter, and not much less in 
length. 

H. Heart of Sirenia , — The 
outward division of the ventri- 
cles indicated in some Cetacea 
is carried to an extent very characteristic of the present group : 
but in Rliythia and Manatiis the cleft is not quite so dee]) as in 
the heart of Halicore, fig. 404. 

' ccxxvi. ii. p. 1 1 1. 
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In half-grown specimens of Dugong^ I found the foramen 
ovale completely closed, and the ductus arteriosus reduced to a 
thick ligamentous chord, permeable only for a short distance by 
an eye-probe from the aorta, where a crescentic slit still repre- 
sented the original communication. In the smoothness and 
evenness of their exterior, and their general form, the auricles of 
the Dugoiig, ib. a, rf, resemble those of the Turtle ( Chelone^ vol. i. 
fig. 335): the appendix can hardly be said to exist in either. 
The right auricle, a, is but little larger than the' left, e : the 
musculi pcctinati are well developed, especially in the left : they 
are irregularly branched, and with many of the small round 
fasciculi attached only by their two extremities to the auricular 
parictes. There is but one precaval and one postcaval orifice in 
the right auricle, with a smaller coronary inlet. The pulmonary 
veins terminate in the left auricle by a common trunk one inch in 
length. The free wall of the right ventricle scarcely exceeds 
at any part a line in thickness, and is in many places even less. 
The tricuspid valve is attached to three fleshy columns by chordae 
tendinea) given off from the sides and not the extremities of those 
columns, both of which extremities are implanted, as trabeculae, in 
the walls of the ventricles. There are several other columnae 
carneie passing freely from one part of the ventricle to another, 
like the musculi pectinati of the auricles, and which have no con- 
nection with the tricuspid valve. The mitral valve is adjusted to 
its office by attachments to two short and transversely extended 
mammillary columnar. The thickness of the parietes of the left 
ventricle varies from half an inch to an inch. The valves at the 
origins of the great arteries, c,/, present the usual structure. 

E. Heart of Ungulata, — In all hoofed beasts the ventricles are 
conical ; the apex being longer and sharpjpr in Kuminants than in 
most other Mammals. The auricles are relatively smaller to the 
ventricles than in the preceding groups. The three parts of the 
tricuspid valves are distinct from their confluent bases, and are 
pointed at the apex : the basal union of the two parts of the 
mitral valve is of a greater extent, forming there an annular 
valve about the left auriculo- ventricular opening. The smooth 
inner surface of the ventricles is but little interrupted by fleshy 
columns. The Horse resembles the Ruminant in the general 
shape and structure of the heart : but in the Tapir^ it is shorter 
and broader, as it is in the Rhinoceros® and Elephant. The 
right auricle in the Rhinoceros ^ as in most Ungulates, has but 
one precaval orifice, and shows no valve at the termination of 


* cxvii". p. 35. 


® v". p. 46. 
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either the postcaval or coronary veins: the contrast presented 
by the Elephant, in this respect, is significant. The strong 
chordoe tendinese of the tricuspid connect it, in most Ungulates, 
with three obtuse and transversely oblong carnere columnie ; one 
rising from the movable wall, a second from the septum, and a 
third smaller one from the anterior interspace between the fixed 
and movable walls: the tendons diverge from each column to 
the two contiguous moieties of the divisions of the tricuspid — a 
provision ensuring the simultaneous action and outstretching of 
the three portions of the valve. Two smaller columns placed 
opposite to each other, one on the free, the other on the fixed 
wall, are connected in the Ehinoceros and many other Ungulates, 
by a single strong tendon passing across the cavity from the apex 
of one to the other.* In the Hog some of tlie tricuspid tendons 
pass to a thick short Column’ projecting from the free wall, 
others pass directly into the smooth convex fixed wall of the 
ventricle. 

In most Ruminants, especially the larger kinds, there is a bent 
bone at tlie base of the heart, on the septal side of the origin of 
the aorta, and imbedded in the tendinous circle which gives 
attachment to muscular fibres of tlie ventricle ; in the Giraffe 
this bone was two-thirds of an inch in length. Two such ossifi- 
cations of the sclerous tissue have here been met with in Oxen and 
Rcd-decr: an ossified and an unossified piece of fibro-cartilage 
are more commonly observed : in the Horse these bodies at the 
septal side of the aortic ring are rarely ossified until extreme 
age. 

F. Heart of Carnivora . — In the present group the heart is more 
obtuse at the apex, and the left ventricle forms a greater share 
thereof, than in Ungulates. The Eustachian valve is wanting in 
most Carnivora \ where indicated, its remains have been found in 
the smaller kinds, as the Weasel, Polecat, Ichneumon, which by 
their size resemble the immature of the larger species. The 
inner surface of the ventricles, especially the right, is more fasci- 
culated, and the number of carneai columnae is greater than in 
Ruminants. A condensation of the sclerous tissue of the aortic 
ring in the Lion and Tiger, at two points, indicates the homologucs 
of the heart-bones in Ungulates. In these and other Felines the 
mammillary columns are continued from the septal end of a strong 
trabecular tract between the ^ fixed ’ and ‘ free ’ walls of the right 
ventricle. The heart in Phocidee is broad and somewhat flattened, 

' I have not found, in Ruminants, so exclusive an origin of the niamniillary columns 
from the ‘ free’ or external wall, as described inccxxxix. t. nr. p. 502, after cnxxxv". 
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with an obtuse apex : the appendix of the right auricle is bifid, 
one process covering the origin of the pulmonary artery, the other 
lying upon the right ventricle. The auricular- septum seems to 
be formed by an extension of the left part of the wall of the 
anterior cava, terminating in an arch to the right of the 
})ostcaval orifice, which thus seems to open (as it did in the 
embryo) into the left auricle. In the younger of two Seals, 
{Plioca vitulina)^ which I dissected,^ the valve that cuts off this 
original communication between the auricles was incomplete, and 
left a large ^ foramen ovale : ’ in the older Seal, not full grown, 
the ^ valvula foraminis ovalis ’ was complete as to its extent, and 
the margins were adherent, save at the upper part where an oblique 
aperture, admitting a goose-quill, remained. In a young Walrus,^ 
the entire margin of the valve was adherent, and there was no 
intercommunication between the right aM left sides of the heart. 
A broad crescentic fold, looking downward, divides the sinus, or 
fossa, receiving the precaval vein from the larger and deeper one 
receiving the postcaval one : this fold answers to the tipper border 
of the 4bssa ovalis ’ in the human heart ; there is no orifice in the 
^ fossa ’ communicating with the left auricle. There is a small 
semilunar valve at the coronary orifice, but no Eustachian valve. 
The appendix of the auricle, in Trichechus^ extends in front of the 
base of the aorta as far as the pulmonary artery, gradually con- 
tracting to an obtuse point : in Cystophora prohoscidea the 
auricular appendix is short, broad, and bifid ; in both it is occu- 
lted by a reticular arrangement of carnere columna3. The 
ventricles are broader in proportion to their length, and the apex 
is not produced in TrichechuSy as in Cystophora prohoscidea : the 
tendinous cords of the anterior division of the tricuspid valve, and 
a few of those of the right or external division, are attached to a 
short and thick fleshy column from the free wall of the ventricle ; 
this column is connected by a short and thick ^ trabecula ’ with 
the septum ; most of the other tendinous cords are attached to the 
septum, and a few to trabecula) connecting that fixed wall with 
the free wall of the ventricle. The pulmonary artery presents no 
peculiarity ; it is connected by the ligamentous remnant of the 
‘ ductus arteriosus,’ which is 10 lines long and 5 lines in diameter, 
to the under part of the aortic arch, just beyond the origin of 
the left subclavian ; its cavity is obliterated, but a short, thick, 
semilunar fold of the lining membrane of the aorta, with its 
concavity turned toward the end of the arch, indicates the place 
of the former foetal communicating channel. 

* CLVi". p. 152. 2 cxci". p. 104. 
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O. Heart of Quadrumaiia . — In the Aye -aye, as in other Le-- 
muridcB^ the heart is rounded, subdepressed, with a very obtuse 
apex; much resembling that of the four-months foetus in Man : 
the right auricle is much larger than* the left : it receives the 
blood by a single precaval, by the postcaval and coronary veins. 
There are both Eustachian and Thebesian valves, and a well- 
marked fossa and annulus ovalis. These also characterise the 
right auricle in higher Quadrumana, The carneae columnie and 
chordae tendineae are more numerous in the right ventricle of 
Monkeys and Baboons, relatively, than in Man : the divisions of 
the tricuspid terminate in a broad and rounded margin ; that next 
the orifice of the pulmonary artery being, as usual, the largest. 
In the left ventricle the columnaB carneae are numerous and small, 
giving a strongly reticulate character to the inner surface. 

The pericardium, whi«li has a limited adhesion to the diaphragm, 
opposite the apex of the heart, in Lemurs, progressively becomes 
less j)erpendicular in the thorax as the Quadrurruma rise in the 
scale, with concomitant shortness of the thoracic post-cava, and 
increasing extent of adhesion of the pericardium to the dia- 
phragm : but in none is the heart so broad at the base, so flattened, 
or so extensively supported by the diaphragm, as in Man. 

II. Heart of Bimana . — In the prone trunk of quadrupeds the 
pericardium adheres to the sternum, rarely to the diaphragm ; in 
erect bipeds the connections are reversed : no Mammal has so 
large a proportion of the heart resting upon the diaphragm as 
Man, where the central aponeurosis is concomitantly expanded 
for the attachment of the intervening part of the pericardium. 
Here the heart lies obliquely, not, as in most Mammals, parallel 
with the mesial plane : the apex, less acute than in Ruminants, 
and less obtuse than in aquatic Mammals, iS directed downward, 
forward, and to the left, notching the anterior margin of the left 
lung, and beating across the interval between the cartilages of the 
fifth and sixth left ribs. The appendix of the right auricle has 
one undivided apex, extending over the origin of the aorta to that 
of the pulmonary artery. The single precaval terminates at the 
upper part of the auricle on a plane anterior to that of the post- 
caval, which is at the lower part: from the anterior margin of 
this orifice is continued the valvular fold called ^ Eustacliian,’ 
which is often reduced in substance to a filmy network, or may be 
wanting ; between the postcaval orifice and that leading to tlie 
ventricle is the opening of the coronary vein, with its valve : 
above the Eustachian valve is the depression, ‘ fossa ovalis,’ indi- 
cative of the closed oval intercommunicating vacuity in the 
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septum of the foetal auricles ; bounded above by the prominent 
crescentic border, or ^ annulus ovalis.’ The opening into the 
ventricle is bordered by a sclerous oval ring, to which muscular 
fibres of both auricle and ventricle are attached ; the ring being 
thicker for the latter. 

In the Human right ventricle the portion of the tricuspid valve 
nearest the orifice of the pulmonary artery is the largest, and is 
divided by deeper notches from the two smaller portions than 
tJiese are from each other: the chordae tendinese from each 
columna carnea arc inserted, generally into the contiguous borders 
of two portions of the valve : the muscular prominences of the 
inner surface of the ventricle have either their inner or central 
surfaces free, or are free in the circumference of their middle part 
but attached at both ends, like beams (trabecula3), or they project 
freely in a conical form, as ^ columnse mammillares : ’ they are 
least developed in the conical prolongation of the cavity, (infundi- 
bulum, conus arteriosus), from the apex of which the pulmonary 
artery arises. The arterial orifice of the ventricle is formed by 



right ventricle, clxxxvii". Sigmoid valves, right ventricle. CLXXXvti". 


sclerous tissue, which a dissector may define as a ring, fig. 405, 
disposed in three crescentic curves, with the convexities, c/, c/, 
toward the ventricle, and the blended horns, c/, projecting 
toward the artery : the ring is represented as cut through at one 
of these points of confluence, e, e, in order to its being spread out. 
Muscular fibres of the right ventricle, /, /, are attached to the 
convexities of the ring ; the fibrous coat of the artery is attached 
to the outer margin, the sigmoid valves, fig. 406, a, «, to the 
inner margin, of the upper or arterial surface of the concavities 
which owe their definition to the junction of the endocardium to 
such valvular attachments. The right ventricle continues to show, 
in Man as in other Mammals, the same relation, as an append- 
age to the left, which is illustrated in the section of the Bird’s 
heart, vol. ii., fig. 92, forming, as so seen, a concave parabolic 
section of a cone, applied to the more perfect cone of the left 
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ventricle : but the walls are relatively thicker to those of the 
left ventricle than in Birds. 

The left auricle, figs. 408 and 409, LA, lies to the left and 
back part of the base of the heart, is transversely oblong and 
subquadrate behind ; its auricular appendage comes forward into 
view curving to the right, upon the base of the pulmonary artery. 
The walls of the ^ sinus venosus ’ are thicker than those in the 
right auricle : the terminal orifices of the pulmonary veins, 
usually one on each side, sometimes two on the right and one on 
the left, are undefended by valves ; on the septum, the foetal 
foramen is feebly indicated by a crescentic depression. * The 
opening into the left ventricle is smaller than tlie right auriculo- 
ventricular one : it is defended by the pair of triangular folds of 
endocardium, called the ^ bi> 
cuspid ’ or ^ mitral ’ valve. 

Of these the largest, fig. 

407, a, hangs between the 
auricular and aortic orifices, 
and is in part reflected from 
the sclerous ring of the lat- 
ter : a small fold commonly 
also projects at each angle 
of junction of the larger 
folds. The chief conical 
^ columme ’ arc two in num- 
ber, and larger than those 
of the right ventricle ; their 
apices are shown at fig. 407, 

p, each contributing tendinous cords to the portion of the mitral 
valve, a. The distribution of the chordae tendineae, from each 
column to contiguous borders of the two parts of the mitral, ob- 
viously illustrates the adaptation to bring those margins together 
in the contraction of the ventricle. The semilunar valves at the 
aortic orifice, ib. rf, are thicker than those of the pulmonary 
artery, the ^ Valsalval sinuses,’ e, are deeper, and the ^ corpora 
arantii ’ larger : the muscular walls of the left ventricle are about 
three times thicker than those of the right; some of the inner 
longitudinal fibres, ib. b, are attached to that part of the aortic 
ring, not preoccupied by the larger mitral fold, a. The left 
ventricle is longer and narrower than the right and alone forms 
the apex : the two large mammillary columns occupy the lower 
three-fourths of the cavity, rising in its axis : the fibres radiate 
from their base and wind round the axis, being ju’ogressively 


407 



Semilunar valvea and portion of mitral valve, left 
ventricle. CLXxxvii". 



528 


ANATOMY OF VERTEBRATES. 


sent ofF^ so that few reach the apex of the column : but the mould- 
ing of the ventricle about these is not the cause of the conical 
figure of the heart, since tliis obtains where no such mammillary 
columns are present. (Vol. i. figs. 334-340.) 

The heart is lined by a membrane, ^endocardium,’ rather 
thicker and more opaque in the left than in the right cavities, 
especially in the auricle : thinnest on the muscular projections, 
both jiectinate and columnate. The chief layer consists of a close 
network of elastic fibres, lined by a stratum of polygonal epithe- 
lial scales, constituting the free surface; and attached by an 
areolar tissue to the muscular coat. This is covered by the 
reflected serous layer of the heart-bag, called ^ ectocardium.’ 

The disposition of the intervening muscular fibres has been best 
illustrated in relation to the human heart. Those of the auricles 


408 



Cl 

jriisculfiv coat of auricles. cLXxxviii". 


form a superficial layer, 
fig. 408, common to both 
cavities, and also a deep 
layer, fig. 409, proper to 
each. 

The superficial layer 
includes the transverse 
band of fibres, fig. 408, n, 
expanding as it passes to 
the right, ra, and left, la, 
auricles. The deeper fibres 


appear at the parts not covered by the superficial ones. Some, ii, 
arising from the ^ annulus aorticus,’ K, K, arch over the auricle, be- 


neath 1), contributing some fibres to the septum, at S : other arched 
or ‘ looped’ fibres, f, curve over the auricles and are attached by 
both extremities to the auriculo-ventricular rings AV and aa : a 
third scries, c, surround the auricular appendages, AA, and encircle 
the terminations of the suj)crior, cs, and inferior, ci, venae cavac. 

The winding or convolute disposition of these so-called ^an- 


nular fibres ’ is exemplified in fig. 409. The superficial and 
deep-seated fibres are, however, continuous, at parts of their 
course : those marked E, fig. 408, of the former series, wind 
round the left auricle la, and arc continuous, with some inter- 


vening attachment to the aortic root K, with the ascending band 
F : a posterior band is shown at G, fig. 409, passing over the left 
auricle la, and along the posterior border of the appendix A; 
some of the fibres, on reaching the anterior border, quit the 
band G, to join the fibres d forming the apex : other detachments 


from the band y, encompass the terminations of the pulmonary 
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veins, p, p. Like the muscular fibres of the tongue, those -of the 
heart are not visibly connected together by areolar tissue ; such 
connective medium, in the degree in which it may exist, can only 
be inferred through the 


help to unravelling gained 
by boiling the heart. The 
more obvious mode of 
connection is, as in the 
tongue, by reci 2 )rocal de- 
cussation or interlocking. 
In the ventricles the 
longer external fibres, 
e. g., wind upward round 
the ai)ex and bend down- 
ward from the auricular 



and arterial rings at the Superncral aurlculambrcs. c.xxxvm^ 

base, to become internal, and so inclose, and, at the same time 
contribute to form, the shorter, interjwsed loops; these, like- 
wise, having similar relations to the layers of fibres which they 
successively inclose. * 

left,'and on the back ««P'^'rnclaI ventricular fibres ; front vknv. c lxxxviC'. 




Superficial ventricular fibres ; front view. t'LXXXVii". 


part to the right, being partially interrupted at the interventri- 
cular grooves, of which the anterior is shown at d. Those which 
cross the groove bridge over the coronary vessels ; those which 
2)enetrate it curve upward and contribute to the right layer of the 
septum, and so hclj) to encompass the right ventricle. The siij^er- 
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ficial layer gains in thickness as it approaches the apex, a, where 
the course of the fibres to the inner surface of the ventricles is 
well expressed by the term ‘ whorl’ or ‘ vortex,’ fig. 411. 

Those from the fore-part of the heart, d, c,/, enter the apex 

posteriorly : those from the back 
part of the heart, i, enter it an- 
teriorly, at a. The curved margin 
of the entering anterior fibres, c, 
is left entire in successive sections 
of the apex of the left ventricle, 
until that of the right ventricle is 
reached, when a more complex ar- 
rangement appears. Most of the 
entering fasciculi form the inner- 
most layer of almost longitudinal 
fibres of the ventricular cavities ; 
others are continued into the 
Apici or vortical heart. trabccular and mammillary pro- 

Cb.YXXVli". ivoQcna 


*Ey reflecting the superficial layer to its attachments or points 
of inflection at the apex, a, and at the base, h, fig. 412, the 
second layer is exposed; which is partly formed by fibres 

ascending from the interior 
of the right ventricle, Cacc, 
emerging at the posterior 
coronary tract, pet^ and 
receiving accessions from 
the aortic and auricular 
rings. The fibres of this 
layer, d, take an opposite 
course from those of the 
first, b,'c. A third layer 
repeats the general disposi- 
tion of the superficial one ; 
but a larger proportion of 
the fibres serve a single 
ventricle, especially at the 

Mld lajers of heart flbrCB ; bnek view. ci,mxviii''. apCX, CRC. Many fibres 

of this layer are derived from, or are continued into, the middle 
layer of the septum, from which, as at fig. 41.3, h, the layer has 
been cut, and reflected, at a 2, ckc, exposing the distribution 
of the internal layers, about each ventricle exclusively, as at rv 



and I, fig. 413. 
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Inner layers of heart-Ilbres. exLXXXVi 1 1 " 


The interruption of such deep layers is frequent, both by change 
of direction, as at 4 ; and by the decussation of fibres to form the 
great mammillary columns, as shown in the section of such at cc, 
fig. 413. The right layer 
of septal fibres, though ^ 

right vmitricle, curve with 
left" ventricl^^^^^ aid in 

the muscular fibres of the 
ventricles may be helped 

- T ^ • Inner layers of heart-Ilbres. exLXXXViii". 

by the diagram, iig. 414. 

The course of the superficial fibres, round both ventricles, is 
indicated by the band, CrCAAA, from the arterial rings over the 
fore part of the ventricles, 4 U 

and by the band Cacc, over 
the back part : both combine X 

to form the whorl cnc and 

R, and gain the interior of \ 

the ventricles forming the / m 

septum, s, and the carncas / m 

columna3, CC : the deeper / 

layers surrounding the left kt 

ventricle, ev, are indicated 

at RR, CpcaaaaC, and 

Cpca, Traced from within 

outward, the fibres from the |" I 

funicular fasciculus or ^ rope,’ 

R, combine with others con- X 

tinned from the two great \ X 

carnese columnar, cc, of the \ X 

left ventricle, LV, to form 
the inner series, CRC, which, 

twining round the apex, idealtypodfurranRemcnt of ventricular fibres; 

close the ventricular cavity, iiumau lusut. cxlxxmh". 

and become superficial : then sweeping spirally from left to right 


Ideal typo of urranffement of ventricular fibres; 
lluinau beart. CXLXXVIII". 


divide into two bands : the longer one first encircles the left ven- 

^ The fibres of the heart have attachments to fixed points in parts of their course, 
rather tlian at definite beginnings or endings: and variations of description maybe 
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tricle, as Cpca; then describes a second circle I’ound both ventricles, 
Cpcaa, The band Cacc passing down from the aorta, AA, winds 
over the lower half of the riglit ventricle, RV, combines with the 
apical spirals, whence it can be traced obliquely round the left 
ventricle to terminate at the aortic circle near the anterior 
coronary tract. The septum ventriculorum consists of three 
strata, the left and middle belonging to the left ventricle, the 
right layer exclusively to the right. 

TJie contraction of the heart-fibres is called ^ systole,’ their re- 
laxation ^ diastole.’ The parts of the muscular walls of the heart 
have different degrees of motion ; the inner wall or ^ septum ’ loses 
length and breadth, but gains in thickness, durin^g the systole : the 
outer wall changes these dimensions in a greater degree, with 
changing relative position to the heart’s centre : hence it has been 
termed the ‘ movable ’ wall, and the septum the ^ fixed ’ one. The 
mammillary processes become shorter and thicker cones, and in 
the degree in which the blood in the ventricles is compressed 
during ‘ systole,’ the valves are held by the tendinous cords 
attached to their free borders and expanding upon their ventri- 
cular surface more firmly against eversion, with reflux of blood, 
into the auricles. The position of the semilunar valves, on the 
contrary; invites the floAV of the blood into the arteries, and forbids 
return. The ^ trabeculte ’ passing from the ^ fixed ’ to the ^ mov- 
able ’ walls have an analogous function as adding to the resistance 
of the latter against internal pressure, whence they have been 
termed ^ moderator bands.’ ^ 

§ 348. Arteries of Mammalia. — The walls of the arterial tube 
are so strong as to maintain that form when cut across ; and so 
elastic as, then, to retract some way within the areolar or con- 
nective tissue, which surrounds the vessel like a sheath. On the 
inner surface of the tube amyline formifies ^ as elliptical or irre- 
gularly polygonal scales, more or less of which show a further 
stage of condensation, expressed by the term ^ nucleate epithelial 
cell,’ fig. 424. The tissue so lined consists of a thin continuous 

proffered indefinitely as the observers arbitrarily select such attacliments under the 
names oi ‘ origins’ and ‘ inf-ertione.’ The. general conformity of muscular arrangement 
in the heart of the sheep is shown in clxxxix", with that previously demonstrated in 
the human heajt, by the author of clxxxvii" and cnxxxviii"; especially in regard to 
the continuity of certain external with internal fibres. 

' cnxxxV'. p. l‘2fi. 

^ I use this term as the correlative of ‘ crystallises/ signifying thereby the tendency 
in dissolved proteine, amyline, or other albuminoid atoms to assume defined she and 
shape, under given conditions, both in and out of the living body; Rainey has shown 
how such iondoney or property effects the snperinduction of organic form upon crystal hi 
the fomvation of shelA •, and its efil cta are demoustrated more at large in CCX". 
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sheet of pellucid membrane, to which are adherent fine reticulate 
fibres, mostly affecting a longitudinal direction. It is also fre- 
quently perforated with small holes, fig. 415, a, a, from which 
circumstance it is called ^ fenestrate.’ This homogeneous mem- 
brane has the property of rolling itself up in the form of a scroll, 
somewhat like the elastic laminae of the cornea. It is strengthened 


in many parts by longitudinal anastomos- 
ing fibres of elastic tissue; and together 
with the epithelial deposit forms the ‘ inner 
coat’ of the artery. The ^middle coat’ 
consists of a fibrous tissue, circularly dis- 
posed, in layers piore numerous as may 
be the size of the artery and thickness of 
the coat, fenestrate tissue intervening ; of 
a reddish-yellow, clearer when fresh than 
yellow elastic tissue : it consists of bundles 
of slender fusiform filaments, commonly 
nucleate, with fine elastic fibres traversing 
them in a reticulate manner. Acetic acid 
dissolves the chief substance of the fila- 


416 



Fenestrate membrane. 


ment, and demonstrates the long staff-shaped nucleus, fig. 416, «, 
and the ^cell-wall.’ This ^muscular tissue ’ predominates in the 
smaller arteries ; of which, when treated by soluble reagents^ 


416 



Fusiform nucleate ^laments, or ■ muscular 
flbre-cellB.’ l. Natural. 2 . Treated with 
acetic acid, oovtii". 


417 



Small artery with appended corpuscle, 
from the spleen of a Pig ; treated with 
soda, and mag’ll. 250 diani. ctn'iix". 


the coate pxeseut the appeatauce Bho'wu iu the portion of a Bplenic 

arteriole, fig. 417, where c is the outer coat with the sheath 
of areolar tissue, e the elastic Ixiuer coat, arid c? the dissolved middle 
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or muscular coat. The external coat consists of an inner stratum 
of elastic fibres, and an outer one of the same, blended with a 
large proportion of closely-fitted bundles of white fibres, identical 
with those of the areolar tissue of the arterial sheath. By virtue 
of the above-described structures arteries possess not only elasti- 
city, but an allied power of slow and long-enduring contraction, 
excitable by stimulus of touch, cold, and electricity during life ; 
and lost after death. 

In the Mammalian class the aorta, fig. 418, A, bends over the 

left, not over the right bronchial 
tube. The chief primary branches 
of the arch are given off, not im- 
mediately after, but at a little dis- 
tance from, its origin ; and there is 
less constancy in the order of their 
origin than in birds : the phrenic 
arteries, the coeliac axis, and the 
superior mesenteric artery are 
branches of the abdominal aorta, 
which terminates, save in Muti-- 
latay by dividing beyond the kid- 
neys into the iliac arteries, from 
which usually spring both tlie 
femoral, a, and ischiadic branches : 
the caudal or sacromedian artery, 
which, in Mutilata and long-tailed 
quadrupeds, assumes the character 
of the continued trunk of the aorta, 
never distributes arteries to the kid- 
neys, rarely to the legs, as it does in 
birds. After the arteries to the heart 
coronaries ’) the aortic arch sends 
off those to the head (f carotids’) 
and to the pectoral limbs (^bra- 

Ceiitral organ 8 of circulation lu Mail. ccLXVJi. x .1 

chials ). 1 use, with iiarclay, the 

latter term in preference to those by which Anthropotomy 
designates for surgical purposes parts of the same artery, as 
where it passes beneath a clavicle (as ^subclavian’), or sinks 
into the arm-pit (as ^ axillary ’) before reaching the arm. The 
principal varieties in the origins of the large primary branches 
of the aortic arch, characteristic of Mammalian genera or fami- 
lies, are given in the order of their complexity in fig. 419. 

In Tapirine, Equine, Bovine, and most ruminant ^Ungulates, 
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the aorta sends off a large common trunk, a, b (the ^ ante- 
rior aorta’ of Veterinarians), which divides into two brachio- 
carotids, each subdividing after a longer or shorter course into 
the brachial d or df', and the carotid c or c' of its respective 
side : the vertebral artery, v, is given off by the brachial. The 
arch of the aorta, diminished after dismissing h, is the ^ posterior 
aorta ’ of Hippotomy ; and, indeed, in this variety the trunk of 
the arterial system appears to bifurcate shortly after its orijjin. 
In the Khinoceros the ^ anterior aorta ’ sends off the two internal 
thoracics, the two brachials, and a common trunk subdividing into 
the two carotids.^ In Auchenia^ fig. 419, B, the left brachial, d' , 


419 



A, Ox. B, Lama. c. GlralCe. b. Lion, b. Otter, v. Gibbon, o, Hedgehog, h, Man. i. Hugong. 

comes oflF close to, but distinct from, the innominate trunk, b ; 
which, after dismissing the right brachial, dy sends onward a long 
common bi-carotid trunk, dividing into c, c\ A similar arrange- 
ment obtains in the Giraffe,^ ib. c ; but the bi-carotid is still 
longer before its division, and the left internal thoracic, v', has a 
distinct origin from the aorta, «, beyond that of the left brachial, d\ 
In Suidce a longish innominata gives off the right brachial and 
both carotids, almost at the same terminal point : the left brachial 
rises close to the innominata. In the Elephant I found a short 
innominata giving off the right brachial and both carotids, the 

* v". p. 47. * xcviii". p. 229. 
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left brachial having a distinct origin, but more remote than in the 
Hog and Giraffe.' A like condition prevails in the order Carnivora, 
ib. I). In the Otter a longer interval divides the origin of the 
left brachial, d', from the innominata, b\ which, after sending off 
the left carotid, c', is continued as a brachio-carotid trunk a short 
way before dividing into the right carotid, c, and right brachial, 

In the Qiiadrumana, from the Aye-aye up to and including 
Hijlohafes ^ and Pithecus,^ the innominata, ib. F, ft, gives off, first 
the right brachial, V, and then a short bi-carotid trunk. In the 
Hedgehogs, Moles, and Bats, there are usually two symmetrical 
bracliio-cephalics, G, ft, ft'. Cuvier ascribes a like condition to 
Delphinus ; but in Phoc(Bna the otter-type, E, is repeated, only 
with relatively smaller brachials and larger carotids. Hyper- 
oodon and Whales, the Seals, Beavers, Rats and most claviculate 
Rodents, the Ornithorhynchus and Chimpanzees partake, with 
Man, of the mode of origin shown in H : the innominata^ being 
the common trunk of the right carotid c and brachial d. The 
same pattern obtains essentially in Sirenia, but with wider intervals 
between ft, c', and r/', and with a distinct origin of the left internal 
thoracic artery, v\ 

These varieties, pretty constant in the groups they characterise, 
are to be distinguished from the anomalies which are exceptional 
in species. Both, and especially the latter, arc explicable by 
reference to modified or arrested stages of development ; and an 
embryonal phase, exemplified in fig. 420, affords a ground-plan 
on which most Mammalian arrangements of the aortic arch and 
branches can be laid down, or from which they can be picked out. 

In the rare mammalian anomaly of a double aorta bending, one 
over the right, the other over the left bronchus, before uniting to 
form the descending trunk, the second of the three pairs of similar 
vessels by which the blood passes from the heart to the dorsal 
vessel in the embryo is retained, and such persistent aortae answer 
to the vessels A, a', d, fig. 420 (in Saurians). When a single aorta 
is found bending over the right bronchus, the primitive vascular 
arch a' is retained, and a i> is obliterated, as in Birds : this arrange- 
ment is a rare anomaly, the rule in mammals being to retain the 
left of the mid-pair of primitive vascular arches. A, d, with com- 
plete obliteration of the right arch a'.^ In the variety A, fig. 419, 

^ cxcv. p. 61. Cuvier seems to have found .the right as well as left brachial rising 
sopjirately, and between them the carotids by a common trunk, xir. tom. vi. p. 112. 

® cxcv. p. 16. * Ib. p. 15. * cxcii". p. 5. 

* I have failed to find in any embryo of bird or mammal more than three pairs of 
primitive vascular arches, couA’cying the blood, in that form, from the heart to ^e 
dorsal aorta. In the exceptional minority of Vertebrates, in which branchiae are deve- 
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characteristic of the Horse and Ox, the common trunk of the fore- 
most pair of vascular arches, fig. 420, a, is retained and lengthened, 
the arches being modified into brachials, fig. 419, d d!, and caro- 
tids, c c', and the communications with the succeeding arches obli- 
terated : in most of the othei; varieties the communication of the 
left of the second pair with that of the 
first pair of primitive arches, as at fig. 

420, D, persists and becomes the dis- 
tinct origin of the left brachial, «*, the 
intermediate part of the first left arch 
being obliterated as far as the artery 
to the head, or the trunk transmitting 
such. But this way of explanation 
has its limits. Most of the varieties 
in fig. 419 bear relation to the breadth 
of the chest, with which that of the 
heart and aortic arch, in a measure, 
coincides. Thus, in the non-clavi- 
culate narrow-chested Ungulates th? 
varieties a, b, c, are met with, that 
of A prevailing: in non-claviculate, 
but broader-chested Unguiculates, with flexile and rotatory fore 
limbs, the separate origin of the left brachial is more constant and 
remote from the innoininata : the same is better marked in the 
broader- chested Swimmers {L^ttra^ Phoccuna, e), and in the cla- 
viculate Quadrumana^ F : in many Insectivora G, an analogous 
but other arrangement prevails. In the broad-chested species 
illustrating the variety H, the head and pectoral limbs are sup- 
plied by three primary trunks : in the still broader and flatter- 
chested Sirenia, i, the heart itself is able to expand laterally, 
even to a partial severance of the ventricles, the aortic arch shows 
its widest span, the intervals between the innominata, 5, the left 
carotid, c', and the left brachial, d', are longer, and the left internal 
thoracic artery has likewise an independent origin. 

I have not met with an instance of a double aorta, or of a single 
one arching over the right bronchus, or of the origin of the right 
brachial from the termination of the arch, in any mammal below 
Man : but such rare anomalies may, perhaps, be found when as 
many individuals of the brute have been anatomised as those of 
the human kind. , 

loped from the primitive arches, four or more of these may exist. But the notion of 
the human embryo having gills and gill-slits tickles the fancy; and so the term 
branchial’ may long continue to be misapplied to the haemal vascular arches and 
blastemal folds of the foetal mammal, bird and reptile. 


420 



Primitive vascular arches, as retained in 
Saurians. 
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Proceeding with the mammalian modifications of other parts of 
the arterial system, I find that in all Lyencephala the carotids 
are relatively smaller than in the better-brained groups : and that 
the vertebral arteries give the main supply of arterial blood to the 
brain. In the Monotremes the brachial artery emerges from the 
thorax above the first rib, and passes between it and the coracoid : 
the trunk is speedily reduced by the number of small branches 
given oft, and, with some of these, perforates the distal end of the 

421 



humerus nearly midway between the condvles. The phrenic, 
coehac, and mesenteric arteries are given off from the abdominal 
aorta ; the renal artery is short, wide, and single ; there is no 
inferior mesenteric artery, but the abdominal aorta, fig. 421, a, 
terminates by dividing into the two common iliac, ib. b, and the 
caudal, ib. h, arteries. The iliac tiynks are unusually short : 
they give off a ‘ circumflex,’ c, which soon is resolved into a plexus 
bending over the ilium to supply the muscles on the back of the 
pelvis : on the opposite side of the origin of the iliac is sent off 
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the marsupial artery, rf, which is similarly resolved : most of the 
branches coursing to the back part of the marsupial bones and 
bending upward or forward upon the abdominal muscles attached 
thereto, in a course analogous to that of the so-called ^ epigastric ’ 
artery in Man. The iliac trunk, i, is then continued a short way, 
and resolves itself into the short trunks of three plexuses : the 
outermost, take a course obliquely to the outer side of the 
thigh, analogous to that of the ^ external circumflex ’ branch of 
the femoral in Man, the middle division representing the femoral 
trunk has a course of three lines before its resolution into the 
‘ femoral plexus,’ J\ which continues the usual course to the ham : 
the third short trunk, representing the ^ internal iliac,’ resolves 
itself into a plexus distributed to the parts supplied, in Man, by 
the sciatic, gluteal, and pudic arteries ; but one branch is con- 
tinued superficially down the back part of the hind leg, /, to the 
tarsal bone supporting, in the male, the spur : it accompanies the 
duct of the spur-gland in the lower half of its course. The ar- 
terial system in Echidna is similarly characterised by the subdi- 
vided plexiform disposition of many of the arteries. The caudal 
artery, ib. A, pursues a wavy course beneath the broad caudal 
vertebra, in Ornithorhynchus, In Marsupialia, after the coro- 
nary arteries, the primary branches from the arch of the aorta rise 
in some species by three, in others by two trunks. The broad- 
chested Marsupials, the Koala and Wombat, for instance, are 
those in which the left carotid, //', fig. 402, and subclavian, 
arise separately from the arch; the arteria innominata dividing 
into the right subclavian and carotid, ib. g, A, as in Man. In 
most Marsupials the innominata gives off* both carotids, g^ g, fig. 
401, as well as the right subclavian, A. The common carotid i]i 
the Kangaroo gives off* the thyroid artery, and divides opposite 
the transverse process of the atlas into the ecto- and ento-carotids. 
The latter describes a sharp curve at its origin, passes along 
the groove between the occipital condyle and the paroccipital to 
the basisphenoid which it pierces. The vertebral arteries are 
given off* by the subclavians, and pass to the skull, as usual, 
through the cervical vertebrartcrial foramina. They unite be- 
neath the medulla oblongata to form the basilar artery, which 
sends off* at right angles to the cerebellum two branches as large 
as itself : it divides opposite the anterior margin of the pons 
Varolii, and the diverging branches are connected by two straight 
transverse canals, before they anastomose with the smaller ento- 
carotids to form the circle of Willis. The brachial artery divides 
early into ulnar and radial branches: in the Koala, Wombat, 



540 


ANATOMY OF VERTEBRATES. 


Kangaroos, Potoroos, most Phalangers {Plial. Cookii is an excep- 
tion), most Petaurists {Pet Schtreus is an exception), the Opos- 
sums, Bandicoots, and Phascogales, the ulnar and larger division 
of the brachial perforates the internal condyle of the humerus ; it 


422 



Branches of the abdominal aorta. Kangaroo. 


passes over th^ condyle, impressing it with a more or less deen 
groove m the Dasyures and Thylacine. ^ 

In the abdomen, the primary branches of the aorta are sent off 
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in the same order as in most Mammalia, with the exception of 
the constant absence of an inferior mesenteric artery. This 
modification probably relates to the simplicity of the mesenteric 
attachment of the intestines above described. A more marked 
repetition of an oviparous arterial character occurs in the mode 
of origin of the great arteries of the posterior extremities. In 
most Mammalia these are derived from a single trunk on each 
side — the common iliac artery ; in Birds from two jirimary 
branches of the aorta, one corresponding with the external iliac 
and femoral, the other with the internal iliac and ischiadic arteries. 
In the Kangaroo and vulpine Phalanger the aorta gives off, 
opposite the interspace of the two last lumbar vertebras, the iliac 
arteries, fig. 422,/; but these arc afterwards resolved into the 
ordinary branches of the external iliac of the placental Mammals, 
with the addition of the ilio-lumbar artery. The trunk of the 
aorta, much diminished in size, maintains its usual course for a 
very short distance, and then gives off the two internal iliacs, ib. 
A, and is continued as the ^ arteria sacra media,’ /, to the tail. 
The transitional chaimcter of this part of the marsupial sangui- 
ferous system between the oviparous and placental types, is 
manifested in the large size of the external iliacs as compared 
with the internal iliacs, their greater share in the supply of blood 
to the hinder extremities, and the brevity of the aortic trunk 
between their origins. In most Birds the femorals or external 
iliacs (vol. ii. p. 190, fig, 98, 23 ) are smaller than the ischiadic or 
internal iliac (ib. 26) arteries subsequently given off. At the 
upper part of the thigh the femoral artery divides, in the Kan- 
garoo, into two equal branches ; the one which corresponds with 
the radial artery in the fore leg, m, fig. 419, principally supplies 
the foot ; it passes along the back of the tibia, between the gas- 
trocnemius internus and tibialis posticus, and divides a little above 
the internal malleolus. The smaller division, ib. /, which follows 
the ordinary course of the femoral along the popliteal space, is 
lost upon the inner and posterior part of the tarsus ; the larger 
branch winds over the malleolus to the front of the tarsus, sends 
off the anterior tarsal artery, and is then continued along the 
inner and afterwards the under part of the metatarsal bone of the 
long and strongs toe. 

In fig. 422, a is the trunk of the coeliac artery ; h that of the 
superior and inferior mesenteric arteries ; c is the adrenal artery 
of the left side ; d, d, the renal arteries ; e the spermatic artery, 
of which the left branch is shown continued to the left ovarium, 
y, which, Avith the uterus, r, vagina, s, and bladder, t, is drawn to 
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the right side ; the spermatic arteries arise close together but sepa- 
rately in the male vulpine Phalanger : k is the femoral artery ; / the 
external, m the internal branch; i is the caudal artery, which 
here corresponds in size with the development and functional im- 
portance of the tail, and is very small in the tail-less or nearly tail- 
less Marsupials, such as the Choeropus, Koala, and Wombat. 

The proportions in which the vertebral and entocarotid arteries 
supply the brain continues to characterise the Lissencephala^ and 
relates rather to the restricted development of the cerebrum than 
to any special proneness to hybernation or torpidity. The artery, 
moreover, which, entering the basis cranii, represents the ento- 
carotid, supplies parts usually served by the ectocarotid, in 
Gy r encephala. Thus, in the Hedgehog, a branch of tl^c carotid, 
after sending off twigs to the occipital muscles, penetrates the 
petrosal bulla, and there divides: one branch, ti’aversing the 
stapes, gives off the middle meningeal artery, and is continued 
forward by the orbitos])henoid fissure into the orbit : the other 
branch, truly representing the entocarotid, passes into the cranial 
cavity, and joins the ‘ circle of Willis,’ whioh is mainly formed by 
the vertebral arteries. Evidence of this condition of cephalic 
arteries in other Insectlvora and in Rodentm is given in fig. 173, 
c; and e, as regards the passage of the petro-tympanic branch 
through the arch of the stapes. In the Hare the division of the 
carotid which sends off the entocarotid pierces the petro-tympanic 
bulla, as in the Hedgehog ; in the Capybara it grooves the basi- 
sphenoid. In the Hedgehog each carotid gives off, near its 
origin, the Inferior thyroid : in the Anteater, the inferior thyroids 
have a common origin from the innominate trunk. In most 
llodents which have the entocondyloid perforation of the humerus 
(vol. ii. pp. 382-384) the brachial or ulnar artery accompanies 
the median nerve through that hole : in Myrviecophaga the nerve 
only so passes. In Bats the brachial bifurcates about the middle 
of tlie humerus : the deeper-seated division sui^jjlics the extensors 
of the fore-arm. 

The most remarkable modification of the brachial artery is 
that which was discovered by Carlise,^ in the Sloths and Slow- 
lemur, and which is repeated in the femoral of the same ani- 
mals. The divers interpretations, leading to ^jontroversy, on 
these peculiarities of the arterial system in cxiv'', cxv", cxvi", 
called for special care and attention to the subjects afforded to me 
by the London Zoological Society, in respect to the arterial system. 

In the A1 (Bradypus tridactylus) the arch of the aorta, opposite 

' CXMll". p. 17. 
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the fifth pair of ribs, gives off a very short trunk, which divides 
into the right brachih-carotid and the left carotid; the aorta then 
sends off the left brachial artery which has a long course in the 
chest before it attains and bends over the first left rib. The 
brachio-carotid has a course of an inch before dividing- The 
carotids do not divide until they have passed the atlas, and the 
ectocarotid is larger than the entocarotid: small plexuses are 
formed in the orbits and temporal fossse. The brachial, after 
bending over the first rib and traversing the axilla, suddenly 
sends off and seems to break up into a fasciculus of minute longi- 
tudinal branches, which surround and conceal the main-trunk. 
This, however, exists in the middle of the plexus, contracted at 
first, but gradually resuming its more normal dimension as the 
brachial artery, and that not by the reception of any of the pre- 
vious ramuscules. It begins to diminish again at the elbow, and 
thence gradually contracts until it forms tlie radial side of the 
palmar arch and the chief origin of the two digital arteries that 
go, one to each interspace between the middle and the two lateral 
fingers: the ulnar side of the palmar arch is formed by a con- 
tinuation of one of the branches sent off from the axillary, and 
the rest of that plexus is distributed progressively to the muscles 
and other parts of the limb, eight or ten of the branches quitting 
the main trunk at the bend of the elbow to perforate the inter- 
osseous space or to supply the deep-seated muscles of the fore-arm. 

Thus, the arterial stream is jiropellcd directly by the mniu 
trunk to the digits ; the force being broken by the sudden dis- 
persion of tlie current in the score of branches sent off from 
nearly the same part of the circumfereTice of the axillary artery. 

The vertebral artery is sent off at the brim of the thorax on 
both sides. The phrenic pierces the diaphragm with the aortic 
trunk, winds round the right of the oesophageal aperture, and 
soon divides. The gastric artery is as large as the superior 
mesenteric. The renal artery gives off the spermatic. Tlie 
abdominal aorta bifurcates opposite the last lumbar vertebne. 
The left iliac, in my subject, sent off, at its origin, the arteria 
sacra media and the two epigastric arteries : the former soon re- 
solves into a plexus. The right iliac also sends a few branches 
to the sacral plexus; but this is formed chiefly by branches 
sent off around the origin of the sacromedian trunk. The in- 
ternal iliac is represented by a plexus coming off by three or 
four quickly-dividing branches from the common iliac before it 
passes over the brim of the pelvis : at this part, also, the femoral 
plexus begins to be given off by one or two branches which sub- 
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divide ; not, as in axilla, by many ramuscules from one point. 
Other branches are sent off from the commencement of the femoral 
artery, which rapidly subdivide and conceal the whole course of 
the femoral trunk as far as the ham. Some branches from the 
internal iliac plexus pass over the brim of the pelvis and anastomose 
with arteries of the femoral plexus ; but there is no re-entering 
of any of the members of the plexus into the main trunk. They 
are distributed, successively quitting the plexus, to the femoral 
muscles : a numerous fasciculus perforates the proximal part of 
the interosseous space, between the heads of the gastrocnemius; 
the remaining branches accompany the main trunk down the 
back of the leg, some as far as behind the inner malleolus, whence 
the main trunk passes to the scapho-calcaneal joint and divides 
into the two digital arteries for the interspaces of the three toes. 
The continuation of the trunk may be thus explained : — The foot 
and hand being the first segments developed in their respective limb, 
the artery supplying them is first established ; the subsequently 
formed segments are supplied by branches sent off from this. 

In the Unau {Bradypus didactylus) the aorta sends off the right 
brachial and both carotids by a common trunk, half an inch long: 
tlie left brachial lias a course of more than an incli in tlic thorax. 
I]ach brachial sends off, after winding over the first rib, many 
arteries : the main trunk perforates the entocondyloid hole of the 
humerus, as does likewise part of the brachial plexus. The con- 
tinued trunk forms no palmar arch, but terminates by bifurcating 
at the interspace of the two digits. The abdominal aorta gives 
off the common iliacs opposite the last lumbar vertebraB ; and then 
sends off the last pair of lumbar arteries and the ^ sacra media : ’ 
this distributes a pair at each sacral vertebrae until it is resolved 
into a pencil of arterioles at the fourth vertebra. The iliacs send 
off, first, the cpigastrics; then the Internal iliac plexus; after 
which the external iliac trunk, bending over the brim of the 
pelvis, sends off the arterioles of the plexus, which conceals the 
continuation of the femoral trunk; this plexus supplies the femoral 
muscles, and also a large proportion to the interosseous si)ace of 
the leg. The main trunk passes down the back of the leg, and 
divides at the middle of the sole into two branches for the inter- 
spaces of the three toes of the hind foot. 

A closely similar disposition of the arteries, but with less nume- 
rous arterioles, obtains in the Anteaters' and Armadillos*: and 
the anqjogy of this with the arterial system of the Monotremes is 
worthy of note. 

* excv". 2 cxcix". 
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A closer resemblance to 
the plcxiform limb-arteries 
of the Sloths is shown by 
the Slow Lemuft, as exem- 
plificd in the arm of Stenops 
tardifjradus in fig. 423, cd 
Cuvier first indicated the 
analogous division into nu- 
merous branches of the 
bracliial artery of tJie Por- 
poise;’^ the plexuses after- 
wards receiving a more 
detailed account, with a 
figure, from V. Baer,^ Avho 
also found a similar ar- 
rangement in the pectoral 
fin of the Manatee,'* and, 
with a minor degree of 
subdivision, in that of the 
Walrus.'^ V. Baer associ- 
ates the sjieedy subdivision 
of the main artery with the 
restricted degree of move- 
ment of fin-shaped fore- 
limbs : but the extent and 
freedom of motion of the 
long prehensile limbs of the 
Sloths and Lemurs point to 
other conditions. 

The extreme degree of 
2 )lexiforni multijdication of 
the arterial system in tlic 
intercostal and other ver- 
tebral branches, in the Ct*- 
tacea, more jilainly relates 


* Vrolik remarks of these plex- 
uses, ‘they consist not only of ar- 
t(Ti(‘s, but also of veins ; and that, by 
dividing in branelu-s, these ramifi- 
cations become smaller and smaller, 
and composed of a less number of 
vessels.’ Lxix*. p. 219. 

* xir. (180/5, tom. 4). 

® cxcvi". fig. I. 

■* Ib. fig. II. 

* Ib. fig. Ill, 
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Plcxiform braucli08 of ?)rarlii;il artery ; Stenopa tardigradua^ 
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to the provision of a reservoir of arterial blood, especially in 
behoof of the brain. 

In the Porpoise the aorta, after giving off the two coronary 
arteries, forms tlie usual arcli from the convexity Avhich are sent 
off tliree primary trunks : the first is the largest, and gives off, 
first, the ^ posterior thoracic,’ tlien the right carotid, and after- 
wards divides into the right brachial and internal mammary 
arteries. The second trunk sends off the left carotid> left brachial, 
and internal mammary arteries. The third primary branch is the 
left posterior thoracic artery.^ The common carotid sends off an 
inferior thyroid before dividing into external and internal carotids : 
the subordinate branches of both these vessels form the plexuses in 
various parts of the head, especially at the basis cranii and around 
the optic nerve. The posterior thoracic, on each side, bends down 
and gives off branches to the five anterior intercostal spaces : the 
succeeding ones derive their arteries directly from the thoracic 
aorta, and some of them by a short common trunk, which bifur- 
cates. The intercostals send off the dorsal branch, and that which 
accompanies the rib : but they also, and chiefly, divide into a vast 
number of branches, forming by their close tortuous interlace- 
ment a thick substance, compared by Tyson to a gland,^ and, more 
truly, by Hunter, to the plexiform mass of the spermatic artery in 
the bull.^ This arterial structure lines the sides of the thorax 
from the ninth or tenth pair of ribs, forwards, penetrating between 
the ribs near their joints and behind the costal ligaments, and 
there anastomosing with corresponding productions from contiguous 
intercostal spaces : branches pass therefrom into the neural canal, 
surrounding the inyclon with a similar j)lexus, increasing in thick- 
ness near the skull and about the macromyelon, and anastomosing 
freely with the inyelonal meningeal arteries. Thus the neural 
axis can receive its aiipropriatc stimulus of oxygenated blood 
during the j^eriods of long submersion and consequent interruption 
of respiration, to Avhich the Cetacea are subject. Any convoluted 
intercostal artery, contributing to this reservoir, can be unravelled 
and tracc<l to a great length, without sending off branches or 
changing its calibre. In the Piked Whale {Balcenoptera), the 
external thoracics and internal mammaries combine with the intcr- 
costals in supplying this huge and singular plexiform reservoir. 
The brachial trunk gives off an external thoracic to the pectoral 
muscles, a subscapular artery, one to the supraspinal fossa and a 
circumflex branch: these supply the muscles of the fin. The 
trunk then divides into two, each of which subdivides, and forms 

1 xciv. p. 365, note (1837). See also cxcviii". (1841), p. 383. 

2 XCIV. p. 305. » XCIV. p. 365. 
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plexuses upon the humerus, mainly exj^ended in nourishing the 
bones, their ligaments, and the enveloping integumen t. ^ The caudal 
prolongation of the aorta is surrounded by layers of plexiform arte- 
rioles, as by a sheath, in its course along the ^vide haemal canal.^ 

The littoral and herbivorous t^irenia^ which never go so deep or 
stay so long submerged as the Whales, seem not to possess the 
intercostal and myelonal arterial plexuses : at least I found them 
not in the Dugong.^ 

Amongst the minor degrees of plexiform multiplication of 
arterial canals is that oldest recorded instance^ of the inti’acranial 
‘ rete mirabile ’ at the base of the skull in Ruminants : it is large 
in grazers, is less in browsers, and least in the Giraffe which 
habitually feeds with the head raised. In Bovidcs^ where the 
^ rete’ is most extensive, it is situated at the sides and back of the 
sella turcica, in the sclerous venous receptacle called ^ cavernous 
sinus.’ There is no definite bifurcation of the cephalic ai’terial 
trunk into an ecto- and ento-cai’otid, in Ruminants: a small 
branch of the carotid, perforating the cranium at, or behind, the 
foramen ovale, represents the ^ middle meningeal artery,’ and joins 
the ^ rete mirabile ’; but this is mainly formed, in advance, by 
branches of the internal maxillary, which enter the fissura lacera 
anterior, subdivide and anastomose reticularly, and are continued 
backward, on each side of the ^ sella,’ as a ^ rete mirabile three 
or four transverse portions bring the main lateral ^ retia ’ into union 
with each other ; while, posteriorly, are sent off a median and 
two lateral narrow plexiform extensions : the latter diverge to 
anastomose with the prccondyloid arteries ; then the middle por- 
tion is continued to join the converging cerebral branches of the 
vertebral arteries. These, in the Ox, enter the neural canal 
between the axis and third cervical, are united together by oblique 
cross-branches, as they advance; each bifurcates in the neural 
canal of the atlas, sending one branch out through the anterior 
perforation of the neurapophysis, while the other converges towards 
its fellow, to terminate by anastomosing with the median pro- 
duction of the ^ rete ’ from the ^ circle of Willis,’ and also with a 
division of each pi’econdyloid artery. 

In the Hog {Sus scrofa), a larger proportion of the com- 
paratively small ^ rete mirabile’ is formed by the vessel entering 
the cranium through the posterior ‘ fissura lacera,’ representing 
an ^ entocarotid.’ A common efferent vessel, piercing the inner 

* 'xciv. p. 366 (noti*). * cxcviii". 

® cxvii". p. 35. The trace observed by Stannhis in the Manatee does not siii)port 
a functional inference, as in the true whales. * cc". 
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layer of the dura mater, carries the blood from the ^ rete ’ to the 
brain, supplying j)rincipally the prosencephalon. Another in- 
stance of plexiforin disposition in the arteries of Artiodactyles 
has been observed in the gastric branch of the coeliac axis of 
the Hog, prior to its ramification in the dorsal parietes of the 
stomach. * 

The ‘Perissodactyles have a recognisable entocarotid which, 
however, lias no proper bony canal, but enters the cranium by 
tJic posterior fissura lacera : it forms strong bends as it converges 
towards its fellow, with which it is united, behijid the ^ sella,’ by 
an external flexuous ^ ramus communicans ’ ; then, piercing the 
dura mater, the entocarotids are again united by the internal 
^ ramus communicans,’ which completes the circle of Willis be- 
hind and also receives the ^ arteria basilaris.’ A rudiment of the 
^ rete mirabilc ’ of Artiodactyles is represented by small plexi- 
form vessels given o(F from the hinder part of ^ Willis’s circle.’ 

The entocarotid deeply grooves the apex of the petrosal in the 
Elc[)hant. Branches of the cctocarotid form a remarkable plexus 
internal \o the cheek-gland which opens between the eye and car 
in this animal. 

In most Carnivora the entocarotid traverses a curved canal in 
the petrosal and makes a bend on emerging, which protrudes at 
the foramen lacerum before entering the cranial cavity : the bend, 
so exposed externally, receives in CanidcR and ViverridcB (7/cr- 
pestes) a branch of the cctocarotid ; and, as it advances alongside 
the ‘ sella,’ also anastomoses with branches of the internal maxil- 
lary and o})hthalmic arteries. In UrsidcB a smaller portion of 
the loop projects into the cartilage occupying the ‘ foramen lace- 
rum.’ The entocarotid and its bony canal are smallest in Felines 
and the Ilyajna. In these a maxillary j)lexus is formed which 
su])plics the internal maxillary, ciliary, ethmoidal, ophthalmic, and 
anterior meningeal arteries. 

The condition of the mesenteric arteries in Man renders them, 
in a degree, reservoirs as well as conveyers of blood : it facilitates 
a more continuous or less interrupted supply to the intestinal 
membrane. The fewer anastomotic arches in the Carnivora 
favour a more rapid and direct supply of blood when the j^rcsence 
of chyme in the intestines gives stimulus to such supply. The 
human condition relates to the more regular and frequently re- 
peated supplies of food; to the more constant and continuous 
presence of chyme upon the villous surface of the gut. In the 
Dog, and more especially in wild Carnivora^ the gorging of prey 
» cci". p. 614, pi. 28, %. 4. 
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is followed by fasting, by long intermission of the supply of 
chyme ; consequently the provision for the arterial supply is 
simplified, and at the same time adapted to the more rapid assimi- 
lation which the hungry or famished frame requires. 

Modifications of the arterial supply of the mammary glands, 
exemplified by large epigastric and subcutaneous abdominal 
branches, anastomosing with the internal and thoracic-nfammary 
arteries, accompany the position and extension of the mammary 


glands from the thoracic to 
the inguinal regions in many 
quadrupeds. 

The ultimate capillaries of 
the arterial ramifications 
cither open directly into 
venous capillaries, or into 
sinuses, as in erectile and 
uterine structures, whence 
the venous capillaries begin. 
In exceptional cases, as in 
the Bat’s wing, arteries of 
the second and third order of 
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Epithelium from vena cava of Sheep, com". 


branches have been observed to pass into veins of corresponding 
size, without the intermedium of capillaries.* 


§ 349. Veins of Mamma- 
lia , — The delicate structure- 
less coat of the capillaries 
present, as the venules en- 
large, an epithelial lining of 
flat, usually rhomboid, nu- 
cleate scales, fig. 424. The 
middle tissue of the vein 
includes sparing delicate un- 
striped fibres in an abundant 
bed of connective or areolar 
tissue, in which may be distin- 
guished an internal stratum 
of wavy longitudinal fibres, 
fig. 425 «, a middle stratum 
of intermixed circular and 
longitudinal fibres of elastic 
tissue, imbedded in a nidus 


425 



Longltudliiftl vertlcjil gectloti of wall of subclavian voiu 
of ail Ox ; m.'igti. 200 dlam. 


of white or contractile fibres, i, and these degenerating into an 


* cxcvii". p. 968. 
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outer mass of areolar tissue, in which such fibres as can be traced 
run lengthwise, c. This forms the greatest proportion of the 
venous coat, and the transition to the mid-stratum, b, is closer 
than that between b and the thinnest layer, «, which is lined by 
the epithelial tissue. 

The elastic tissue is never so developed as to give the yellow 
colour which characterises the middle coat of arteries, or to main- 
tain the tubular form in the empty vein. The valves are not 
confined to the place of union of the venous trunks with the heart. 


as is the case with arteries, but 
42C 



Venous valves, a, f<Mnoral vein : h, saphena Interna, 
lluiiian. cuvi". 


occur, usually in pairs, fig. 426, in 
the major part of the venous 
system after the vessels have 
gained, in returning from the ca- 
pillary area, a consincuous size. 
They ^consist,’ as Harvey de- 
scribed, ^ of raised or loose por- 
tions of the inner membrane of 
these vessels, of extreme deli- 
cacy, and a sigmoid or semilunar 
shape. They are situate at dif- 
ferent distances from one an- 
other, and diversely in different 
individuals ; they are connate at 
the sides of the veins ; they are 
directed upward or toward the 
trunks of the veins ; the two — 
for there are, for the most part, 
two together — regard each other, 
mutually touch, and are so ready 
to come into contact by their 
edges, that if anything attempt 
to pass from the trunks into the 
branches of the veins, or from 
the greater veins into less, they 
completely prevent it ; they 


are further so arranged, that the horns of those that succeed 
arc opposite the middle of the convexity of those that pre- 
cede, and so on alternately.’ He further writes, ^ In many places 
two valves are so placed and fitted, that, when raised, they come 
exactly together in the middle of the vein, and are there united 
by the contact of their margins ; and so accurate is the adapta- 
tion, that neither by the eye, nor by any other means, can the 
slightest chink along the line of contact be perceived. But if 
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the probe be now introduced from the extreme towards the more 
central parts, the valves, like the floodgates of a river, give way, 
and are most readily pushed aside.’ * 

The most conspicuous tissue in these valves is of the white 
fibrous kind, having a general direction parallel with the free 
border of the valve and remarkable for their minute and equal 
undulations in this course. The epithelial lining is feebly indi- 
cated by scattered nuclei, especially at the extreme margin of the 
valve. As a general rule the cerebral and myelonal veins, those 
of the heart, lungs, kidneys, uterus, and liver, both portal and 
hepatic, have no valves : there are few valves in the external 
jugular; none in the internal jugular: valves abound in the veins 
of the pectoral limb, including the axillary, but arc not present in 
the subclavian or precavals. The postcaval and iliac veins have 
no valves, but they abound in those of the pelvic limb. The 
spermatic veins have valves, but not the ovarian veins ; they are 
few and incomplete where they have been found in the azygos 
veins. 

The varieties in the disposition of the veins exemplify, in mam- 
mals, a greater degree of repetition of primary or embryonal steps 
than do those of the arteries. The cardinal veins, which persist 
in great j^roportion in Lizards, fig. 420, unite at with the 
brachio-jiigulars to form a short ^ precaval ’ trunk ^ on eacli side. 
That of the left receives the blood from the coronary vein before 
terminating in the right auricle h. A smaller proportion of blood 
is returned by the persistent venae cardinal es, z, in mammals ; 
but with this exception, the disposition of the great trunks return- 
ing the blood from the head, trunk, and pectoral limbs, is essen- 
tially such in Lj/encephala and most Lissencephala as is exemplified 
in Saurians. The blood from the left side of the trunk (intercostal 
or intervertebral spaces) is carried, in the ascending series of 
Mammals, by progressively increasing anastomosing channels from 
the left into the right cardinal vein : and, to such an extent in 
Man, that the right cardinal vein was noted for its want of sym- 
metry as the ^ vena azygos,’ while the remnant of the left cardinal 
was called ^ hemi-azygos.’ With this change goes on an enlarge- 
ment of an anastomosing vein between the right and left precavals 
at the upper and fore part of the chest, ultimately diverting the 
blood from the left precaval into the right, as the blood of the left 
cardinal had been attracted to the right cardinal vein. This is 
accompanied by obliteration of the left precaval trunk, of which a 


cciv". 


2 Called by some ‘ ductus Ciiviori.’ 



552 


ANATOMY OF VERTEBRATES. 


remnant, recognisable by the developmental anatomist, becomes 
the ^ coronary sinus ’ of Anthropotomy, or the dilated portion of 
the heart-vein, Avith well-marked fibrous tunic, receiving the 
‘ oblique auricular vein ’ representing the left ^ ductus Cuvieri,’ 
and terminating by the wide valvular opening in the right 
auricle.^ 

In the IMonotremes each precaval, fig. 308, e^f, receives the 
azygos vein of its respective side : they are united by the cha- 
racteristically mammalian transverse canal, </, which becomes the 
^ vena innominata ’ in Man. The postcaval has a long course in 
the thorax ; before entering which it is greatly dilated, wdthin 
the liver, in the Ornithorhynchus, as it is in the placental divers. 
The vena portie is constituted as in other Mammalia. The veins of 
the kidney are continued from the renal artery, and communicate 
solely with the postcaval. In the Marsupials, also, the iliac veins 
combine to form the ])Ostcaval trunk, as in the rest of the Mammalia, 
without conveying any part of their blood to the kidneys : in the 
Kangaroo they both pass on the central aspect of the iliac arteries. 
The renal veins, in like manner, directly communicate with the ab- 
dominal cava, and do not contribute any share in the formation of 
the portal vein. This great secerning trunk of the hepatic organ 
presents the strictly mammalian condition, being formed by the 
reunion of the gastric, intestinal, pancreatic, and splenic veins, 

^ The primitive veins of the animal system of organs, commonly 
called azygos,” retain their original separation and symmetry ; 
the left azygos ” bends over the left bronchus to communicate 
Avith the left precaval, and the right azygos over the right bronchus 
to join the right precaval.’^ This vein, b, returns the blood from 
the right side of the head and the right anterior extremity ; the 
corresponding vein on the left side, e, passes down in all the 
Marsui)ials, in front of the root of the left lung, as. in Birds and 
Reptiles, behind the left auricle, and, after receiving the coronary 
vein, joins the postcaval, d, immediately before its expansion into 
the auricle. The anterior anastomosing vein betAveen the two 
prccavais exists. 

Where the pelvic extremities are less or not larger than the 
pectoral ones, as in the Ursine Dasyure and Wombat, the post- 
caval is someAvhat less than the left precaval, figs. 402 and 403, 
and they appear to terminate by separate apertures in the auricle ; 
but in the Kangaroo, fig, 401, the proportions of the tAvo veins arc 
reversed, and the postcaval more obviously receives the left pre- 


crvri". 0848.) 
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caval before it terminates : these two veins meet at a very acute 
an^Ie^ and are separated by a crescentic ridge similar to^ but 
thinner than, that which divides their common orifice from tlie 
orifice of the riglit precaval. In most Lissencej^hnla the left pre * 
caval descends behind the auricle to terminate with or near to the 
postcaval : the left vena azygos communicates with the left pre- 
caval in the Hedgehog and many others, and is larger than the 
right : opposite proportions prevail in Leporidce and some other 
llodents, as in Squirrels, the left azygos being small or wanting. 
In the Bats the venules of the wing-membrane, owing to their 
c()mi)aratively wide communications with the arterioles, manifest 
the imjmlse of the heart’s action. 

In Cetacea the left cardinal and precaval veins arc reduced to the 
condition of a coronary sinus which is large ; the blood from the 
head and fins is returned by the right precaval trunk to the auricle. 
The definition of any distinct right or left azygos trunks is ob- 
scured by the characteristic expansion and plexiform multiplication 
of the veins at the back of the thoracic-abdominal cavity, fig. 427 ; 
and indeed the precaval system is chiefly brought into communi- 
cation with the postcaval one by the continuity of the vast venous 
sinuses surrounding the neural axis and receiving the intercostal 
and lumbar veins, ultimately opening into the precaval by a short 
trunk which penetrates the posterior and right part of the chest. 
In fig. 427, the postcaval vein is cut across at /?, where it lies in 
tlie interspace of the two masses of depressor muscles of tlie tail. 
Veins, ?w, wi, which seem to answer to the iliacs of quadrupeds, 
return from the side-muscles of the tail ; the caudal vein is repre- 
sented by a plexus, /, and occupies much of the haemapophysial 
canal. A plexus from the intestine, G, terminates in the right 
iliac vein, and thus establishes a communication between it and 
tli3 portal system. A hypogastric plexus terminates at L The 
peritoneal plexus is shown at / ; it becomes more considerable at 
the season of sexual excitement : but tlie chief abdominal reser- 
voir of venous blood is formed by the vast psoadic plexus, which 
extends from behind the hinder end of the kidney, E, to the 
hinder end of the abdomen. In the Porpoise it fiirins a mass of 
retic>ulate veins upwards of an inch in thickness : it is fed by the 
caudal veins, «, i, c, J, behind, and laterally by from five or seven 
veins which, returning blood from the dorsal and lateral parietes 
of the abdomen, pierce the lateral abdominal muscles to join the 
jilexus at c, c. At the mesial margin the psoadic plexus communi- 
cates by many and wide apertures with the iliac vein; and anteriorly 
with veins of the diaphragm or ‘ phrenic plexuses ’ which con- 
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verge to terminate at o, in the postcaval trunk. The non- 
valvular structure of the veins in Cetacea^ and the pressure on 
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these reservoirs of blood at the depths to which they retreat when 
harpooned, explain the profuse and lethal haemorrhage which 
follows a wound that, in other Mammalia, would not be fatal. 

In the Tlngulates a left azygos co-exists with a single (right) 
precaval. In the Hog the azygos trunk passes forward, left of the 
aorta, crossing that vessel below the arch and curving over the 
left auricle, and enters the right. Hunter notices its attachment 
to the left auricle and its analogy, in both the Hog and Fallow- 
deer, to the left precaval in Birds.* In the Corinne Antelope (A. 
Dorcas) Hunter observed ^ two azygos veins, the left being the 
larger’ f a right azygos exists in the Ox, and is larger in the Horse, 
receiving blood from several of the left intercostal spaces. The 
oblique vein at the back of the left auricle is large in the Drome- 
dary and Tapir, and represents the remnant of a left azygos. The 
portal vein shows valves in some Ruminants. In the Rhinoceros 
the right precaval receives the right or common azygos close to 
its termination at the upper part of the right auricle : two inches 
above this it receives the right vertebral vein which is about half 
an inch in diameter ; two inches above this it is formed by the 
junction of the left brachiocephalic. At the concavity of the great 
vein formed by this junction, the bronchial veins and some small 
pericardial veins enter. The upper part of the precaval receives 
the two large jugular veins close together, so that a proper ^ vena 
innominata ’ can scarcely be said to be formed. The left vena 
azygos, which is formed by the union of a few intercostal veins 
of the same side, terminates in the left subclavian vein, which re- 
ceives se])arately the left vertebral vein from the neck. The 
right or princi})al azygos receives the intercostal veins of both 
sides as far forwards as its entry into the precaval vein : the 
Rhinoceros in this structure agrees with the Horse. The coro- 
nary vein receives a small pericardial vein, which descends along 
the back of the left auricle, before it terminates with the inferior 
cava, at the base of the right auricle. 

With the relatively long and narrow thorax of the hoofed and 
most other Mammals the pre- and post-caval trunks are correspond- 
ingly longer than in Man ; the length of the thoracic j^art of the 
post-caval being as is the distance of the right auricle from the dia- 
phragm, and also from the dorsal region : the base of the heart 
being furtlier from the back as well as from the midriff than in 
Man. 

Ill Carnivora^ Quadruiiuma, and Bimana the blood from the 


ccxxxvi, Tol. ii. pp. 124, 140. 
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head and pectoral limbs, and intercostal spaces is poured^ by a 
single precaval info the auricle. The lower intercostal veins of 
the left side unite to form a hemi-azygos which joins the right or 
main azygos vein. The plexiforai disposition of the veins con- 
tinues in those surrounding the myelon up to and including Man. 
The diploic j^lexuses are the networks of veins which exist in and 
among the cancellated tissue of the bones. In those of the cranium 
they form large irregular meshes of ampullated veins. These ves- 
sels are very unequal in size, are subject to dilatations, and 

frequently end in culs-de-sac. 
In the looser texture of the 
vertebral centrums a vertical 
section, as in fig. 428, ex- 
poses the anterior, «, and 
posterior, ft, portions of the 
myelonal plexus ; the trans- 
verse channel of anastomosis, 
c, with the ^ sinus centri,’ dy 
which bifurcates to • unite 
witli the ^ vena superficialis 
centri,’ e. Many veins within 
the cranium are included in 
spaces formed by the separa- 
tion of the laminas of the 
dura mater, and do not admit 
of being dilated beyond a 
certain size : these ^ sinuses ’ 
empty themselves, in Marsu- 
pials and Ruminants and some 
other quadrupeds, into tem- 
poral veins, as well as into 

Myelonal and diploic venous plexus and sinus : Human tllO internal jut^ularS \ but in 
lumbar vertebra. ^ i i 

Larmvora, Q^undrumanay and 
Man, almost wholly into the internal jugular vein. 

In all Mammals may be found the ^superior longitudinal sinus,’ 
fig. 429, Sy uniting at ty the ‘torcular Ilerophili’ with the lateral 
sinuses, e. Besides these are the smaller ^ petrosal sinuses,’ 
superior and inferior, and the ^ cavernous sinuses ’ which are re- 
servoirs of venous blood on each side of the sella turcica, crossed 
by interlacing sclerous fibres. The cavernous sinuses communi- 
cate with each other by the ^ circular sinus,’ and also with the 
petrosal ones by the ^ transverse sinus.’ All the sinuses are 
devoid of valves, and, by their freedom of intercommunication. 
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and hindrance to dilatation, prevent any local congestion of blood 
pressing upon the brain. 

§ 350. Spleen of Mammalia . — As witli the absorbents, so w,lth 
the bloodvessels, some change 
their tubular for a lacunar or 
cellular form in certain parts, 
where the blood undergoes, or 
receives elements of, change; 
such parts, resembling ^ glands,’ 
are so called, with the qualifying 
epithets of ^vascular’ or ^duct- 
less.’ Of these ^ vasoganglions’ 
the chief is the spleen. 

In Mamifials this organ is 
relatively larger than in lower 
Vertebrates: it is mainly ap- 
pended to the artery that sup- 
plies the pancreas, with the left 
end of which gland it is in 
close connection, and conse- 
quently lies to the left or 
hind the stomach, to which it is 
attached by the fold of perito- i ^ i w i tt 

1 venous sfnuBCS of dura mater, from hdiliul, TTiiman. 

neum noted at p. 500. This 

membrane covers the whole spleen, except the " hilus,’ where its 
two folds support the splenic vessels and form the 430 



^ gastro-splenic’ ligament. The serous tunic is less 
intimately adherent to the fibrous or proper caj)sulc 
in most lower Mammals (Iluminants, e.g.) than in 
Man ; where the separation only takes place at the 
hilus. The proper coat- consists mainly, and in Man 
wholly, of white and yellow fibres, the former ar- 
ranged in bands, the latter in an irregular network. 
With these are blended, in some lower Mammals 
(Dog, Pig, e.g.), filamentary fusiform bodies with 
a nucleus, fig. 430, a, called ^ fibre-cells of un- 
striped muscle’ in ccviii". The fibrous tunic is 
reflected into the interior at the hilus, in the form 
of sheaths accompanying the vessels, most complete 
in the human s^ecn : from the exterior of which 
sheaths, and more abundantly from the inner sur- 
face of the proper capsule, are sent off white clastic 
^ trabecular ’ bands, which form a reticular bed for 



NucloatofllJimc'nt or 
* musflo-oell/ from 
tunica jtropria of 
tho spli'i’ii of a 
: m.'U?iiinod350 
diani. ccviH", 
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the proper tissue, throughout the whole organ. This tissue con- 
sists of the ‘ lienine ’ or spleen-substance and of ^ splenic corpus- 
cles.’ If a portion of the trabecular tissue be treated with acetic 
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acid, muscular fibre-cells maybe seen, 
as at n', with their nuclei A, intermixed 
with the yellow elastic fibres c, fig. 
431. The demonstration is easiest in 
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Trabecula from tlio spleen of a rig: 
Jinigii. 350 ciiani, ccviTi". 


of an arferiolc: frotti the spleen of the Pig, 
magij. 10 aiaiu. ccvii i". 


the most delicate plates of the trabecular tissue, especially in 
quadru])eds. The splenic corpuscles, fig. 432, c, c, are whitish 
spherical bodies imbedded In the ^ lienine ; ’ most constant and 


conspicuous in ruminant, equine, and some other quadrupeds ; 
less conspicuous, or wanting, in adidt human spleens, especially 
after lethal disease. They are elliptical, averaging 
one-sixth of a line in diameter, and are attached by 
short peduncles to splenic arterioles a, b, the pedun- 
^ cles being continuous with the sheaths accompany- 
ing those vessels. Treated with a little dilute 
alkali, the proper wall of the corpuscle, fig. 417, a, 
In spionr^^ rendered more distinct, and the elastic fibres of 
samc, b, may be seen, in cdhnection with the 
branch of the arteriole c, to which it is appended. 
The corpuscular capsule is filled by a semi-fluid greyish mass, 
including nucleated cor])uscIes, fig. 433. They have suggested 
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many hypotheses, their comparison, by Kblliker, to the cells in 
the sinuses of lymphatic ganglions, appearing to be most accept- 
able. The ^lienine’ it a soft mass, in colour passing from reddish- 
brown to bright red on exposure to air, filling up all the interstices 
between the larger partitions and vessels. It consists of fine 
bloodvessels, lienine cells, delicate fibres or bands, and blood in 
various states. The lienine cells, fig. 434, vary in size, from 
^ colour, with a dark 

nucleus: with them are cells with smaller corpuscles, caudate 


corpuscles, and free nuclei; all exemplifying 
the size-limiting or shape-inducing property of 
the viscid materials, proteine and myeline, under 
the reaction of all)umino-scrous solution : falla- 
ciously suggesting the ^continuous process of 
cell-growth by which new cells arc formed 
around nuclei, and old ones disappear ; ’ ^ as also 
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ElPincntary forms of snb- 
Btaiico In lienine. Ox; 
mag. 3r>o diain. cevm". 


the ^ development of blood-discs within cells.’ ^ The figures 433 
and 434 merely exemplify some among the manifold forms under 
which colloid elements aggregate in definite spaces, under such 


influences as the spongy reservoir of the spleen affords. 


The splenic artery, es 2 )ecially when the ^ pancrcatica magna ’ 
and other branches to the pancreas are not called upon to su])ply 
materials for tlie energetic and fitful action of that gland, must 
pour more blood into the s])lenic reservoir than is needed for the 
mere nutrition of the organ, and consequently the blood must 
there undergo change. But the spleen receives too small a pro- 
portion of the circulating mass to have any definite influence on 
the manufacture or general condition of blood. Such changes as 
are effected in the splenic locality more probably relate to the 
functions of the gland to which the altered blood is exclusively 
carried : and it is to be noted that the splenic vein is the largest 
of the constituent channels of the portal one.^ The most signifi- 
cant fact in the Comparative Anatomy of the spleen is its corre- 
lative development with the pancreas and its reception of blood 
from the termination of the artery mainly supplying the pancreas 
in its course to the spleen. 


* ccviTi". p. 781. 

^ Ib. p. 782, figs. 531, 632. These, and tho figures 529, 530, represent nothing 
spoeifically distinct from tho results of formifactioii under similar conditions in other 
localities both in and dlit of the, living body. 

® Tho supply of the colouring matter of the hilo from luomatin set free in the 
spleen lias been suggested. Extirpation of the spleen ehit^fly affects tho biliary secre- 
tion. The condition of the spleen in Hismafocn/a negntives its being tlie seat of tho 
manufacture of blood-corpnsclcs. 
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In the Omithorhynchus, the spleen, fig. 308, u, is relatively 
large, arid consists of two lobes bent upon each other at an acute 
angle : the anterior and right lobe is four inches long, the posterior 
and left lobe two inches and a half; the right lobe is bent upon 
itself. The artery of the pancreas is continued from the left end 
of that gland into the base of the spleen before its bifurcation. 
In the Echidna, besides the two lobes which are continued for- 
wards from the left side, there is a third shorter descending 
appendage. The lobes arc thin and moderately broad in both 
Monotremes. The Maisupialia repeat the bent or bilobed clia- 
racter of the spleen as shown in that appended to the left end of 
the stomach of the Phascogale, fig. 309. In the great Kangaroo 
(Macropus major^ I found the main body of the spleen ten inches 
long, and the rectangular process six inches ; both parts were 
narrow and thin. 

In Lissencephala the spleen presents a more simple form, 
oblong, flattened, fig. 323, I (Rhynchocyon)^ with one end in 
contact, and having the usual vascular relation with the pan- 
creas, ib. p. The spleen is relatively longer and narrower in the 
Mole and Hedgehog : it is a thin elongate body, loosely sus- 
pended, in the Squirrel, where it lies to the left of the epiploon, 
as in the Marmot: it follows, similarly suspended, the great 
curve of the stomach in the Mole-rat ( Bathyeryus), being thickest 
at the left and upper end : in the common Rat the spleen has an 
oblong triangular form: in the Vole it is broader at the lower 
than at the upper end : in Capromys it has an elongate trihedral 
form, broadest at the lower end: in Layostomus the spleen is 
triangular, with the upper and anterior angle most produced. ‘ It 
varies from the round to the oblong shape in the Porcupines and 
Agoutis, and occasionally a small detached spleen is added, in 
the epiploic suspending duplicaturc. Hunter notes, in the Ca})y- 
bara, the close resemblance of the spleen in shape to that of Man; ^ 
and it is less elongate than usual in the Guinea-pig. In LeporidcB 
it resumes its narrow elongated figure. In Dasypus Peba the 
spleen is elongate and three-sided ; I found it 2^ inches in length ; 
in contact with the pancreas: in Das, Q-cinctus the siilcen is 
broader and flatter, and there was a small su])plemental sjilcen in 
my subject.^ In the thrcc-tocd Sloth the spleen is an irudi in 
length, oblong, thickest at the low^er end, suspended in the 
epiploon : in the two-toed Sloth it is almost round, flat, and thin, 
and closely attached to the second compartment of the stomach, 

* ccxii". p. 176. * ccxxxvi. vol. ii. p. 213. cxxviii". pp. 143, 157. 
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but ill contact ivith the pancreas. In some Cetacea the spleen is 
remarkable for its subdivisions ; the largest in the Porpoise, fig. 
354, equals a walnut, A ; the others, to the number of four, five, 
or six, ib. z, z, are of much smaller size : in the Whales (^Balce^ 
?ioptera) the spleen is, usually, single, but smaller relatively. In 
Sirejiia it ajjpears to be ahvays undivided ; presenting an oval 
form in the Dngong, and measuring 44 inches in length and 
inch in breadth. 

In the Elephant the spleen is long and flat ; it measured in a 
half-grown Indian kind 3 feet 10 inches, its extreme breadth 
being 8 inches. 

In the Hyrax the spleen is broad, flattened, semilunar, with 
occasionally a narrow process from its middle, like a handle : its 
length is 2 inches, its breadth 1 inch. In the Ilhinoccros the 
spleen is elongate, subtrihedral : in my male subject it measured 
in length 3 feet 6 inches, and I foot 4 inches in greatest breadth.* 
The spleen is elongate, and flattened in the Horse, broadest at the 
upper end. In the Wart-hog {Bhacochmrus) the spleen is a long 
flattened ellipsoid body, 11 inches in length, and 2^^ hiches across 
its broadest part, which is at the middle.^ The spleen has a similar 
form in the Babyroussa ( S?ts Bahyrussa) : in the common Hog it 
is elongate and trihedral. The spleen is elongate and flattened in 
all Kuminants ; the inner edge is sometimes attacflied to the 
crura of the diaphragm: it is broader, at one end, in the Cow, 
Reindeer, and Giraffe, than in other Ruminants. In one Giraffe 
the spleen was 10 inches long, and 7^ inches broad: in another 
of the same stature it was 9 inches long, and 5 inches broad : 
in both of an oval form, and not more than 1| inches at the 
thickest part.^ 

If a spleen be injected with alcohol and hardened therein pre- 
vious to section, the intertrabccular spaces are seen to be larger 
in Ungulata than in Carnivora, In the Horse such spaces are 
then seen to intercommunicate by circular apertures. 

In a Seal i^Phoca vitulind) I found the spleen a flattened body 
with an irregular notched margin, measured 5| inches in length. 
It was attached to the epiploon in such a manner that it could be 
drawn away for some distance from the stomach, and in the inter- 
vening membrane were situated a number of small dark glandular 
bodies from the size of a horse-bean to that of a pea, resembling 
the omental splcnules in the Porpoise: these were not found in a 
second specimen. 

In a setter-dog the spleen was oblong, 1 0 inches long by 3 im^hes 

‘ v". p. H. 2 ecxin". p. 68. * xcvii". p. 2;>8. 
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at the broadest part : its serous coat, as in most quadrupeds, is 
derived from both layers pf the ej)iplodu, which arc reflected from 
one margin to the stomach, and by the opposite to the dorsal 
abdominal walls. In the Felines the spleen commonly presents 
an elongate trihedral form, attached to the stomach by the dupli- 
cature extended from the angle formed by the meeting of the two 
lesser sides. 

In the Aye-aye the spleen is an elongate, trihedral body, bent 
at nearly a right angle upon Itself, the lower jjortlon being nearly 
half the length of the upper one ; it is suspended in the epiploon 
at the left and lower curve of the stomach. The spleen presents 
a like shape and position in the Lemurs: but is less bent in 
Lemur Monijoz. The spleen is elongate and straight in Platyrhine 
Monkeys ; it becomes broader and thicker in Catarhines : it 
shows a subtriangular form in the Baboon {Pafpio j)orcarius^^ 
where one angle is attached to the stomach, another to the kidney, 
and a third projects freely into the epiploon : in tailless Apes the 
spleen more resembles in shape, attachments, and in the source of 
its serous investment, that of Man. 

The loose nature of the suspension of the spleen somewhat 
affects the value of the remarks on its various positions in Mam- 
malia, given in xn. tom. iv. pi. ii. p. 617, where it is said to be 
near the pyloric end of the stomach in a Nyctinomc and a Noctilio, 
a Phyllostomc and a Megadcrm among Bats, while in other 
species of these genera it Avas found nearer the cardia: in a 
Vesjoertilio and Ehiuolojfhiis it was observed to be bent round the 
great curvature of the stomach. In Pterojma and Galeoj)ithecm 
the spleen retains its common position applied to the cardia : it is 
relatively smaller in frugivorous than in insectivorous and sangui- 
vorous Bats, but is generally long and narrow : it is triangular in 
Galeopithecus, In Insectivora the spleen is loosely suspended 
in the epiploon from the cardiac cul-de-sac ; it is relatively largest 
in the more carnivorous of the order, e.g., the Tenrecs. 

The spleen is larger in the omnivorous and quasi-carnivorous 
Kodents, e.g., the Rats, than in the vegetarian majority of the 
order: it is relatively larger in Carnivora than in Ungulata. The 
amount of hydro-carbonates to be eliminated by the liver would 
seem to influence the capacity of the alterative receptacle of the 
great proportion of the blood which is supplied to the bile-making 
organ. -With reference to the hypothesis of sanguifaction it may 
be remarked that in no Mammalian, order is the mass of blood so 
great, or so full of blood-discs, as in the Cetacea ; yet in them the 
spleen has its least relative size. 
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§ 351. Thjfroid of Mammalia. — The representative beginnings 
of the vasoganglion commonly known as the ^ thyroid gland ’ 
arc noticed in vol. i. p. 564 (Fishes, Reptiles), and in vol. ii. 
p. 230 (Birds): but this organ is recognisable, without am- 
Inguity, only in the present class. Here it is locally related to 
the windpipe, and has received its name from its proximity to 
the shield-shaped cartilage of the larynx in the human subject. 
It consists of a pair of oblong, rounded masses ; in some, espe- 
cially higher gyrencephalous Mammals, united as in Man by a 
transverse band of like substance crossing the sternal aspect of 
the air-tube. 

The proper tunic of the thyroid is a thin layer of condensed 
areolar tissue, from the inner surface ol‘ which proceed septal or 
trabecular processes, partitioning its substance into lobules, and 
ultimately into minute bags of vesicles. The analogy to the struc- 
ture of the spleen is close, but the frame-work is much less dense 
and fibrous : and the vesicular structure, instead of receiving the 
blood directly, is filled with a solution of fibro-albuminoid, pro- 
teine, or myeline substance derived therefrom. The quantity of 
blood sent to the thyroid is much more than wT)uld be needed for 
mere nutrition : it is derived from arteries, not constantly rising 
just beyond the points where the arteries to the brain are given 
off from the large trunks, but varying according as the length of 
the neck in Mammals may affect the relative ])ositiou of the 
thyroid to those trunks : thus in the Giraffe and most Ungulates 
the arteries supplying the thyroids come off from the contiguous 
part of the carotids. There may be two or three branches from 
the common carotid (Liitra ) ; and the distinction between ^ lower 
thyroid arteries ’ from the subclavian, and ^ upper thyroid arteries’ 
from the cctocarotid, hardly begins to be established before the 
(Juadrumanous order is reached. The ultimate ramifications of 
these arteries form close-meshed plexuses u})on the limitary mem- 
brane or capsule of the vesicles ; such capillaries present a diameter 
of from o’^th to a o^^th of an inch. The blood is returned by 
veins joining in most Mammals the external jugular; and in 
Quadrunuma and Man the internal jugular : but with varieties in 
this respect. 

The effect of ^ formifaction,’ or assumption of shape and defin- 
able size, by the ^ colloid,’ ^ ])roteine,’ or ^ myeline ’ elements of 
the solution filling the thyroid vesicles, is shown in the sections of 
such from the Hedgehog, fig. 435, and the Bullock, fig. 437, 
and in portions of such lining, or adherent formed matter, from 
the thyroid vesicles of a Rabbit, fig. 436. In these instances 

o <> 2 * 
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the forms have been described as ‘ an epithelial stratum, con- 
sisting usually of nuclei set closely together in a scanty basis 
substance, fig. 435, which is either feebly granular or of a 
somewhat oily aspect : ’ ^ their nucleoli are not always visible, 
and vary in number from one to four or five. The nuclei are 
always vesicular, bounded by a strongly marked envelope, and 
have a mean diameter of 3 oVol'^^ inch.’ * But the formed lining 
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Fornilflcd proteliio, lininpf a vesicle of II). llabbit Pormtfled protclne, lining thyroid vesicles, 

the thyroid, Hedgehog, ccoxxix. Bullock, cccxxxx. 


substance often presents, as in figs. 435 and 437, the condition 
of delicate vesicles, without nucleus, with contents mostly pellucid, 
sometimes faintly granular. Dr. Jones observes : — am inclined 
to believe that they originate in the nuclei, which undergo a kind 
of expansion, at the same time losing their nucleoli.’ Emanci- 
pating himself for a moment from the ^ generative ’ theory in 
reference to the ^ progress of the nucleus from its primitive con- 
dition to a further stage of cell-development,’ he candidly admits 
it to be ^ worth remai'king that it ’ (the stage) ' may be artificially 
produced by adding to the specimen some coagulating reagent, 
which speedily solidifies a film of albuminous plasma around the 
nuclei, and thus produces very good imitations of cells.’ ^ 

Analyses of the contents of the thyroid have shown or rendered 
it very probable that they arc albuminoid, yet not in the state of 
ordinary fluid albumen, and that gelatine is sometimes an in- 
gredient : among the salts are chloride of sodium and a trace of 
alkaline sulphate : crystals of triple phosphate and of oxalate of 
lime occur in the cavities.^ 

In the Ornitkorhynchus two bodies, extending between the 

* CCLXXIX. p. 1104. 

* Ib. p. 1105. For the conditions and degree in which this and most other pheno- 
nomena of so-called ‘ cell-development * may be artificially manifested, see ccix" and 
ccx", especially the latter important contribution to the philosophy of physiology. 

* CCLXIX. p. 1106. 



THYROID GLAND OP MAMMALIA. 


565 


scapula and humerus, covered by the panniculus carnosus and 
the trapezius, present a reddish colour, a lobulatcd structure, and 
pretty firm texture, and seem to represent the thyroids. These 
are in more constant relation to the windpipe, in Marsupials : 
they are two disunited bodies in the Dasyures ; each presenting 
the size of a horse-bean in the Das. macrurus. They were of the 
same size in a Phalanguta fuliginosa^ but were united by a fila- 
mentary strip passing between their lower extremity, across the 
first tracheal ring. In the Wombat I found two elongated thyroid 
bodies of a dark colour reaching from the thyroid cartilage to the 
seventh tracheal ring on each side. In the Koala they were 
situated lower down, extending from the fourth to the ninth or 
tenth tracheal ring. 

The thyroid is relatively small in the Kangaroo. It presents 
more normal proportions in Rodents, but is connected by very 
lax areolar tissue to the trachea. Each body is elongate and 
almost cylindrical, but expanding at the lower end, where they 
are joined by a thin band, in the Hare and Rabbit. The uniting 
band is thicker and rounded in Rats and Marmots ; but appears 
to be wanting in G corny s and Bathyergus, The thyroid bodies 
are commonly ununited in Cheiroptera. They lie, similai’ly de- 
tached, but low down, opposite the sixth and seventh tracheal 
rings, in the Elephant. They arc also separate and more remote 
from the larynx in Delphinidoi. Cuvier notes them as rounded 
and separate in the Hyrax.^ In the Rhinoceros I found them 
joined together by a very thin and narrow strip continued be- 
tween their hinder ends, obliquely across the trachea. Each 
body was elongate, subtriangular, extending from the sides of the 
larynx to the fourth tracheal ring, and diminishing as they 
descended: a small com})act yellow body was attached to the 
thyroid at the point of emergence of the vein. In the Horse, 
also, I find the thyroids connected by a slender band crossing the 
second tracheal ring:* each body is egg-shaped and united about 
one-third from the lower end. The thyroids are relatively smaller 
in the Ass, but are similarly united to each other. 

In the Llamas {xiuchenia) the thyroids are oval, with the great 
end downward, extending from the side of the thyroid cartilage 
to the third ti’acheal ring, where they are connected together 
by a filamentary band : this band is relatively broader in the 
true Ruminants, in most of which the thyroids have a more 

* I regret that I omitted to note the condition of tlie thyroid in cliii'\ 

2 Cuvier describes them as * entiferement separ^s, et *8itu4s hien au-dessous du 
larynx.’ xii. tom. viii. p. 677. 
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elongate form. In Beared the thyroids are joined by a long slender 
band at their lower ends. In Felines the uniting band appears 
to become longer and more slender by age, and sometimes dis- 
appears. Cuvier notes three distinct eonuecting bands in a Civet- 
cat,' and two such hands in a Marmoset monkey. In the Aye- 
aye the thyroid bodies, elongate, triangular, and flattened, lie 
upon the sides of the second to the seventh tracheal rings in- 
clusive, and are devoid of connecting transverse strip. ^ In most 
Quadrumana the thyroids are united, but by a longer and narrower 
band or ‘ isthmus ’ than in Man. In him the thyroid bodies are 
not only relacively large, but are united by an ‘isthmus’ so broad 

as to usually extend across 
two or more upper rings of the 
trachea; moreover, a process 
extends from the upper part 
of the isthmus, as the ‘ py- 
ramid’ or ‘mesial column,’ 
which in some subjects reaches 
to the hyoid bone. Many 
varieties have been noted in 
the human thyroid. Some- 
times the isthmus is absent, 
as normally in certain lower 
Mammalia ; and sometimes 
there is more than one pyra- 
midal or ascending process. 

§ 352. Thymus , — This body 
is distinguished from the thy- 
roid by its wide central ca- 
vity, and by its diminution of 
volyme or disap])carance after 
early age. In the Human sub- 
ject, c.g., at birth the thymus, 
fig. 438, a, may weigh 240 
grains, and incrccasc to 270 
grains in the infant of one year ; 
but, with the development and exercise of the muscular system, it 
wastes away, and may be reduced at twenty-one years of age to 
a remnant weighing only forty grains. After twenty-five it is 
rare, or difficult, to discover any of its structure left in the areolar 

’ XII. tom. viii, p. 676. 

2 cii'.-p. 44. Peters confirms this, in ccxiii". p. 95, Taf. 4, fig. 5, gL 
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tissue of tlie mediastinum. At birth the bulk of the gland lies 
behind the manubrium, descending to near the middle ot the 
sternum, and ascending upon the fore and lateral parts ot the 
trachea to the thyroid. By dissection the thymus can be sepa- 
rated into two lateral portions, which are 
naturally distinct at an earlier phase of de- 
velo^jinent ; each lateral part being a narrow 
elongated body, folded upon itself, and further 
resolvable into lobules and acini, like those of 
a true conglomerate gland : but all the acinal 
cavities communicate with a central reservoir, 
fig. 439, occupied by a milk-like solution of 
albuminoid or proteine principles. Formifac- 
tion here produces ‘ corpuscles, very closely 
resembling (in fact identical with) the nuclei 
of glandular cells; but 2 )resenting more 
numerous nucleoli; their form being for the 
most part spherical. ^ Mingled wdth these 
I have found in the thymus of a Calf, as well 
as in that of a young Guinea-j)ig,.afew larger 
coi puscles, about double the size of the former, 
of spherical form, filled either with a granular 
matter alone, or containing also a nucleus, or larger vesicular 
body.’ ^ 

The thymus in Monotremes lies between the episternuin and 
the beginnings of the vessels from the aortic arch. In a Kan- 
garoo from the j)Ouch Simon found the thymus on the pericardium 
with a medial lobe besides the two lateral oncs.^ In liodents the 
thymus consists of two long lobes extending from the base of the 
heart, parallel with each other, forward, to the root of the neck. 
Bodies extending from this position to the posterior mediastinum 
and forward along the cervical vessels to near' the mandibje, but 
consisting, according to Simon, of aggregates of fat-vesicles, 
undergo periodical increase, in the Marmots, prior to hiber- 
nation. In a Bat dissected in March, Dr. H. Jones could 
not detect any certain homologue of a thymus ; but found 
on each side of the root of the neck a yellowish lobulated mass 
consisting of conical lobes defined by limitary membrane; the 
lobes were hollow and ^ filled by aggregations of celloid particles, 
which were not manifestly nucleated, nor provided with an en- 
velope,^ but consisted of aggregations of oil-drops and molecules. 
In the subjoined view, fig. 440, of a portion of this body, magni- 

^ ccxiv" p. 1093. ^ lb. ■ ® c’cxv". * ccxiv". p. 1096. 
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Convexity of lobe of cervical tlij mus^like body. Hat. xexiv 


fied, only the peripheral row was visible, the rest of the mass 
being opaque. In terrestrial Insectivora the thymus is less 
ambiguous, and consists of two nearly equal lobes lying on the 

base of the heart and 
beginnings of the great 
vessels. In the Hedge- 
hog were found ^ two 
roundish masses almost 
precisely similar to 
those in the same situ- 
ation in the Bat, and 
two broader and thin- 
ner ones lying in the axilla.’ ' ‘ The celloid particles were 

more loaded with oil than in the Bat, and in some parts they 
were more or less broken up and the oily matter diffused in 
the cavity.’ 2 In both erases these lobulatcd masses may be well- 
marked modifications of the adipose tissue. In Cetacea a thymus 
has been recognised in Balmna mysticetusy the right lobe ex- 
tendino; over the aortic arch to the trachea, where it terminates 
in two small cornua, the left lobe being of smaller size. ^ In the 
foetal Dolphin these are two large median portions, pericardiac 
and tracheal, with deep-seated lateral cornua.’^ In a foetal 
Elephant the thymus is a flat mass beneath the anterior part of 
the pericardium, with a short forward prolongation of the right 
lobe. In the Rhinoceros the thymus holds a like position, and 
encroaches but a little way upon the neck. In the Artiodactyles, 
whether ruminant (Ox, Deer) or non-ruminant (Peccari), the 
cervical portions of the thymus are more developed, often ex- 
tending to the mandibular singles. The thymus of the Calf is 
very large and affords a good subject for investigating the struc- 
ture of this body. In Carnivora the thymus has the usual posi- 
tion in the thorax, to which it is limited ; it soon shrinks, and in 
Feline^ disappears. At its fullest phase of develojnnent in the 
Cat, the thymus is thick from before backward, and its right and 
left lobes closely interdigitate. In a young Seal, Simon found it 
in two symmetrical, broad, thickish lobes, extending to the root 
of the neck, and ^ abruptly terminated by clubbed extremities, 
which are deeply grooved in front by the left vena innominata.’'* 
In most Qiuidrumanay especially the Catarhine group, the 
thymus presents the same general shape and relations as in the 
human subject. 

§ 253. Adrenals. — These bodies are best developed in Mam- 


* ccxiv". p. 1096. 
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malia ; and, in the BimanoiiB order, they repeat, tliough in a minor 
degree, the relation of largest relative size to the immature period. 
They are subtriangular, flattened, with their base excavated 
and resting, in Man, upon the upper end of the kidney, whence 
they have been termed ^ supra-renal capsules : ’ in lower Mam- 
mals they are more commonly mesiad of the upper end of the 
kidney, and not always in contact tlierewith ; at the base of the 
part is a fissure giving issue to the large adrenal vein. The sub- 
stance of the body is distinguished by, usually conspicuous, differ- 
ences of colour into ^cortical’ and ^medullary; ’ tlie former, in 
Man, being yellowish-brown, the latter reddish-brown ; the cortical 
substance is also firmer than the medullary, which receives more 
blood, and appears soon to dissolve after death, occasioning the 
cavity there usually found. The proper areolar capsule sends 
incurved processes, localising the tissue into lobes and lobules ; 
the ultimate texture of the cortical substance being minutely 
vesicular, the vesicles varying in size, but affecting an arrange 
nient in rows. The vesicles are smallest at the limits of the 
medullary substance, and here inclose spaces in which the usual 
results of fonnifaction more especially are met with; such as fine 
granules, globules, nuclei, and nuclear structures, affording ample 
ground for misinterpretation as ^ transitions to cell-development ’ 
and ^ metamorphosis to the cell-form,’ &c. 

Eckor has delineated some of the evidences of size-limit- 
ing, form-giving forces, analogous to those of crystallisation, 
in fig. 441, where a is a ^ nucleus,’ & ^nucleus enwrapped in 
a fine granular mass,’ c ^ cell,’ 441 


d ^ nuclear vesicle of an em- 
bryo,’ € ^ two gland-vesicles 
with their contents.’ With 
thesQ are mixed oil-globules ; 
in greater abundance in the 
adrenals of Lissencephala and 
Carnivora than in those of 



Formg assnnied by protolne niattors, in soInMnti 
within the cellular sp.iceg of the adrenal ; Man 


Man, and more or less ob- 


cTnxxxvii. 


scoring the * nuclei ’ and ^ gland- vesicles.’ These, in the Horse, 
are smaller and more spherical at the periphery, larger and more 
oval toward the centre, of the cortical substance, there offering 


the linear arrangement. Gland-vesicles also occur in the medul- 
lary substance of the Horse’s adrenals. In the Ox the trabecular 
tissue of the cortical substance defining the lobules is finn and 
well-marked: the fatty globules are fewer than in Man. The 
gland-vesicles are distinct in the adrenals of the Hedgehog. In 
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the Mole the adrenals have the form of a three-sided pyramid. 
In the Coypu they arc long and rounded, of a greyish-yellow 
externally; their medullary structure like soft liver. Their 
length was one incli : their situation mesiad of the upper extremity 
of each kidney. Tlicy liave a similar cylindrical figure, and large 
relative size in the Porcupine and many other Rodents : they are 
shorter in the 3IuridcB ; are roundish and somewhat flattened in 
LeporidcB. In a young Sloth I found the adrenal surpassing the 
kidney in size, and showing distinctly the cortical and medullary 
suhsiances. In the Cetacea there is an interesting analogy between 
the adrenal, in regard to its lobulated exterior, and the multl- 
lobate kidney. In the Elephant the adrenal is a depressed cone, 
with the base bilobed. In the Rhinoceros the adrenal bodies, like 
the kidneys, ditfered from each other in form ; they were elongated 
and nearly cylindrical. The right had one extremity bent at a 
right angle : its length in a female Rhinoceros was three and a 
half iiTches ; its breadth across the bent extremity tAvo inches: 
the left was simply elongated, three and a half inches long, one 
and a half broad, and one inch thick. In section they presented 
an external greyish-yellow fibrous cortex, from one-fourth to one- 
third of an inch thick, enclosing a fleshy-coloured substance, in 


the middle of Avhich there Avas a semilunar portion of the grey 
fibrous matter : there Avas no trace of a central cavity. Both 
suprarenal bodies adhered closely to the contiguous large veins.’ 
In the Horse the adrenals are flattened and triangular. In the 
Ox they someAvhat resemble the kidney itself in shape : in the 
Reindeer they are a full oval : in the Sheep they 
are more elongate. In the Seal, as in the Whale, 

t they resemble the kidney in their finely lobulate 
exterior : in the Hog they are longish and cylin- 
drical : in the Cat roundish and someAvhat flattened. 
In tlie Aye-aye the adrenals are subtriangular, 
elongate, depressed, and relatively larger than in 
the higher Quadrumana, in Avhich the adrenals 
^ ^r.ml HiniilnTir progressIvcly approach the shape and proportions 
long! ceSYn-"""* presented in the human subject. 

In the fetus the adrenal, like the kidney, shows 
a lobulated exterior : at an early period of the, development of 
these bodies the adrenal, fig. 442, a, exceeds the kidney, in 


size : both are preceded by the deciduous or Wolffian kidneys, 
rZ, d. In the embryo of the twelfth week the kidneys and adrenals 


cii". p. 15, pi. XII, fig. 1, n, n. 
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arc of equal size : in the sixth month the kidneys have gained in 
weight so as to be as five to two : and at birth they are as three 
to one : after this time the adrenals diminish so as in the adult to 
be only ^^yth the size of the kidney. Occasionally they entirely 
waste away. 

The large proportional supply of nerves to the mammalian 
adrenals from the contiguous plexuses (coeliac and renal) of the 
sympathetic system is worthy of note. 
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CHAPTER XXXIIT. 

RESPIRATORY SYSTEM OF MAMMALIA. 

^354. Lungs of Mammalia . — The class-characteristic afforded 
by these organs is defined in vol. ii. p. 266, and exemplified in 
fig. 139, ib. In all Mammals each lung, ib. ty, is conical, with the 
base resting upon the dia])hragm, ib. rf, and the apex reaching to 
the root of the neck : the shape, and especially the degree of sub- 
division, of the pulmonary cone offer many varieties in the class. 
The most common quadrupedal difference from the bimanal type 
is the lobe, called ‘ azygos ’ or ‘ impar,’ detached from the right 
lung to occupy the space between the heart and diaphragm, as at 
Uy fig, 308 {Oniithorhgnchus). The outer surface of the lung 
is smooth, being covered by a serous membrane, reflected from 
the great blood- and air-vessels forming its ^ root ’ upon the walls 
of the thorax ; thus constituting a shut sac, called ‘ pleural,’ 
distinct from that of the opposite lung. The portions of the 
pleura? passing respectively from the pulmonary roots to the back 
and fore i)arts of the thoracic cavity, are called ^ mediastinal,’ and 
intercept the pericardium, great vessels, thymus, gullet, and other 
parts intervening between the two lungs: the regions of such 
thoracic septum being defined, in Anthropotomy, as ^ anterior,’ 

‘ posterior,’ and ‘ middle mediastina.’ The pleural serous sacs are 
])eculiar to Mammalia : they facilitate the movements of the lung 
upon the thoracic walls during respiration. 

The wind-pipe bifurcates to supply each lung, fig. 418, r, P‘, 
with air, as does the pulmonary artery conveying the blood 
to be affected thereby ; the pulmonary veins, ib. />, return the 
blood so changed to the heart. Besides tliese three main con- . 
stituents of the ^ root ’ of the lung, it includes the ‘ bronchial ’ or 
nutritive arteries and veins, absorbents and nerves, with their 
connective tissue, and the enveloping pleural sheath. Beneath 
the serous covering of the lung is a layer of combined areolar and 
elastic tissues, the latter predominating in the denser ^ sub-serous’ 
coat of the lungs of the larger carnivorous and ungulate mammals : 
in Cetacea the smooth contractile fibre is therewith intermixed. 

The trachea is kept patent by cartilaginous hoops, th^ cuds 
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of which, in most mammals, do not coalesce, but either overlap, 
meet, or, more commonly, fail to meet by about one- fourth, or less, 
of their circumference, fig. 453, b. The slit or interval, which is 
usually at the back, or gular surface, of the windpipe, is completed 
by a musculo-membranous sheet. The hoops themselves* are 
connected together by a 
strong elastic membrane 
occupying their intervals 
and also extended over 
both their outer and inner 
surfaces. The entire tube 
is invested by loose areolar 
tissue, and is lined by a 
mucous membrane with a 
ciliated free surface. 

The tracheal cartilage, 
fig. 443, €y consists of a 
fibrous basis, charged with 
nucleate cells. Unstriped 
muscular fibres extend be-, 
tween the ends of the hoop, 

havinjr their attachment to Transverse section of trachea through a cartilaginous 
. ^ hoop, c. ccuxviii. 

the inner surface, some 

short way from the end itself, as at A, fig, 443, otliers pass ob- 
liquely between contiguous hoops. On the inner surface of the 
tracheal cartilages and muscles is a stratum of elastic, chiefly 



longitudinal, fibres, ib. i : their 
fasciculi are most conspicu- 
ous, extending in a serpentine 
course along the back part of 
the tube. The mucous mem- 
brane consists of a basilemma, 
fig. 444, «, and of finer areolar 
tissue, />, forming a bed of 
numerous nucleate cells, c, d, 
the innermost, or those next 
the inner surface of the air- 


414 



tube, being clavate, and sup- section of tracheal cHinte mucous nienibrniic, magn 

porting on their base, each ccLxvm. 

from about twenty to fifty vibratilc cilia, so acting as to direct 
throat-ward the matters with which they are in contact. The 
mucus lubricating the ciliate surface ^ihd entangling any foreign 
particles admitted with the air, is the secretion of small, for the 
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most part racemose, glands, most coiisi)iciioiis at the gular part 
of the wall, fig. 443, /, with longish ducts opening upon the 
ciliate surface. The trachea bifurcates into the ‘ bronchi,’ which, 
before they penetrate tlieir respective lung, resemble their trunk- 
tube^ in structure: after penetration, or when ^ intra-pulmonary,’ 
the incomplete hooped form of cartilage is exchanged for a series 
of irregular curved pieces, expanded so as to encase the whohi 
circumference of the several bronchial ramifications to .near the 
tenninal ones, where the cartilages become thinner, smaller, more 
remote from one another, and ultimately cease ; when the fibro- 
membranous walls owe their patency to the expansive force of the 
contained air. The muscular fibres affect, for the most part, a 
circular dis})osition, but some run along the bronchial ramifica- 
tions, thus serving both to contract the area and diminish the 


ur> 



Tronsltlon of ultiinnto hronclilal l)rancbes, b, Into 
Intercellular pasgages, n. colxviii. 
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Section of terminal broriclilal tulic; 
imign. xi'.v'. 


length of the tube. With the longitudinal muscle arc blended 
elastic fibres, and in large proportion in the terminal branches, 
fig. 447, tty a : the transverse muscles, ib. />, c, have no terminal 
tendons as in the trachea. 

The ultimate portions of lung to which the bronchi are distri- 
buted are called ^ lobules,’ on entering which, as in fig. 445, the 
air-tube divides and subdivides, its branches diverging at less and 
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less acute angles ; and, after the fourth or further division, ac- 
cording to the size of the lobule, they maintain an ultimate dia- 
meter of about 4 ^ 0 th of an inch : then the cylindrical form is 
lost, and the air-tube becomes an intercellular passage, beset with 
dilatations, or ^ air-cells,’ aggregated at the periphery of the lobule 
into groups. The ciliate 
mucous membrane termi- ^ 


nates abruptly, where the 
bronchial tube becomes, as 
at a and />, fig. 446, an 
intercellular passage ; but 
formifaction shows its re- 
sults, as ^nuclei’ and ^ pave- 
ment cells ’ upon the free 
surface of the air-cells. The 
intercellular passages inter- 
communicate, as in fig. 445, 
the bronchial ramifica- 
tions, ib. Z>, c, do not : in 
fig. 446 is shown the abrupt 
transition from the terminal 
bronchial tube, to the 
intercellular passage, with 
its appended air-cells, e. 
The openings of the air- 
cells are strengthened or dc- 



Pulinonary cells, s-liow iiif? trabecular ’ llhrca, aiul epitlielia 
precipitate: luajj'ii. ccLXViii". 


fined by fibres of yellow elastic tissue, fig. 447, minute filaments 
of which have been traced over the wall of the cell. The branches 


of the pulmonary artery accompany those of the bronchi to the in- 
tercellular passages, as at fig. 448, a, and are there resolved into 
the arterioles, b, 5, encompassing tlie orifices of the air-cells, where 
they pass into the capillary network, e ; whence the aerated 
or arterialised blood is received into the beginning of the pul- 


monary vein c. 

On a general comparison of the lung-structure in the two warm- 
blooded classes, it may be affirmed, of mammals, that the secondary 
and tertiary bronchi, instead of a ^ central ’ hold a " peripheral ’ 
course; have arborescent, not pinnatlfid divisions; and more gra- 
dually decrease in size : moreover they terminate in cells on the 
parietes of which the pulmonary capillaries offer only one side to 
the respiratory medium, instead of being wholly immersed in the 
extrabronchial air, as in birds. 

In the Ornitliorhynchus the tracheal tube, fig. 308, m, is wide; 
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the cartilaginous rings, fifteen in number, are broad, entire, and 
slightly overlap each other : the bronchial annuli are bony, and 
are continued ot that texture through a great part of the lungs. 
The riffht lun^ is divided into three lobes, of which tlie smallest. 
Its ib. fills the interspace 



between the heart and dia- 
phragm : the left lung, o, 
is undivided. 

In the Echidna the tra- 
chea is narrower : there 
are twenty-two tracheal 
hoops, which are disunited 
behind ; very firm cartila- 
ginous annuli are con- 
tinued along the larger 
branches of the bronchus 
for some way into the 
lung. 

In the condition and 
structure of the respira- 
tory organs all the marsu- 
pial species adhere to the 
mammalian type ; the only 
tendency to the Ovipara 
is in the entireness of the 
tracheal rings in certain 
species. In the Phalait- 
(jista fuUginosa^ where I 
CO unted twenty-nine rings , 
the first four-and-twenty 
were entire; below these 
they were divided posteri- 
orly, the interspace grow- 
ing wider to the twenty- 
ninth ring. In the Da^ 


sguriis macrurus the rings of the trachea are twenty-three in 
number, and are incomplete or rather ununited behind. In the 


Perameles the tracheal rings are divided posteriorly by a fissure. 
The lungs in the Wombat consist of a single lobe on both the right 
and left sides, with a small lobulus * impar’ extending from the right 
lung to the interspace between the heart and diaffiiragm. In Ma- 
cropus major iha right lung has two notches on the anterior margin, 
the left lung is undivided. In Macropus Parryi both lungs had 
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one or two notches. In another Kangaroo I found the right lung 
divided into four lobes, the left into two. The azygos lobe is 
large in consequence of the length of the chest in the Kangaroos, 
and the distance of the heart from the diaphragm : it is three- 
sided, one side convex, the second concave and applied to the 
pericardium, the third side concave, and in contact with the 
diaphragm. In the Potoroo the left lung is unilobate with a 
fissure on the anterior or upper edge ; the right lung has two or 
three deep fissures ; the azygos lobe is elongated, pointed, and 
trihedral, as ip the Kangaroo. In the Petaurists^and Phalangers 
the right lung is trilobate, the left bilobate ; there is also a lobulus 
azygos. The Koala has the lungs similarly divided, and not 
simple as in the Wombat. In the Opossums, Dasyures, and 
Perameles the right lung is usually trilobate (bilobate in DideU 
])hys hr achy urn), and with the usual azygous appendage : the left 
lung is commonly divided into two, but is sometimes entire, as in 
the Perameles and Didelph. hrachyura. In all the marsupials the 
right lung is the largest, owing to the oblique inclination of 
the heart to the left side. 

In the order Rodentia a tracheal structure, recalling the early 
division of the tube in Kep tiles, is present in the Caj)e Jerboa 
{Helamys) : the windpipe is divided a little beyond the larynx 
into two canals by a median septum, as if the bronchi there 
began, and were continued, adhering, some way before diverging 
to the lungs. In the Coipu {Myopotamus) the extrapulmonary 
bronchi arc each one-third the length of the undivided trachea. 
The right lung has four lobes, the left three : the same division 
obtains in Dasyprocta : in Codoyenys the lungs have been seen to 
be still more divided. In Orycterus capensis the left lung is un- 
divided, the right has four lobes. In the Water Vole {Aiwicola) 
the left lung has two lobes, the right four. In the Porcupine the 
right lung has four lobes besides the azygous lobule. In the 
Hare the right lung has four lobes, the left two. 

The thoracic cavity and the lungs are comparatively large in 
the Mole : in this Insectivore, as in the Hedgehog and Shrews, 
the right lung has four lobes, the left one lobe : in the Chryso- 
chlore the left lung has two lobes. In true Bats the lungs are 
large, and with one or two shallow fissures : in Pteropus the right 
lung has three lobes, the lower one extending to the place of the 
azygous lobule ; the left lung is bilobate : in this genus, as in 
Galeopithecus^ a few upper rings of the trachea are entire, fig. 460 : 
the ends of the slit ones meet behindi 

In Dasypus Peha the right lung has three lobes, the left tM^o ; 
VOL, iir. j* V 
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in Dasypus Q^cinctus both lungs have three lobes : the azygous 
lobule is represented in all Armadillos by a small process of the 
right lowest lobe. A repetition of a reptilian character of trachea 
is again manifested in the Lissencephalous group by the Ai, the 
windpipe being convoluted, as in the Crocodiles (vol. i. p. 530). 
The trachea, fig. 449, u, goes along the right of the descending 

aorta to the diaphragm ; 
then abruptly bends upon 
itself, 5, and returns ante- 
rior to the fir^t part to c-, 
and again bends down- 
ward and forward, a short 
way before dividing into 
the bronchi, of which the 
right is shown at A. The 
right lung, rZ, gives off a 
small azygous lobe, f ; the 
left lung, g, is undivided. 
In the Unau [Brady pus 
didactylus^ the azygous lo- 
bule is almost obsolete, and 
both lungs are undivided. 

I he chest and abdomen are more nearly coextensive length- 
wise in Cetacea than in any other Mammals, and the lungs ex- 
tend far back : they are flattened, broad, and pointed anteriorly ; 
not divided into lobes : their tissue is highly elastic, ^ so as to 
squeeze out any air that may be thrown into them, and to become 
almost at once a solid mass.’ * The cartilaginous rings of the 
trachea, at least near the. termination of the tube, are entire ; where 
not so the deficiency is at their fore part, and this is considerable 
in the upper tracheal rings, in JBalmnidoi ; the windpipe is very 
short in all Cetacea ; its width is great in proportion to its length, 
but not to the bulk of the lungs or of the body. The rings of 
the bronchi are more rounded than flattened, and are continued 
to their extreme ramifications. The pulmonary cells are rela- 
tively smaller than in quadrupeds, and the extent and degree 
of intercommunication of the non-ciliate intercellular j)assages 
are such as that, ^ by blowing into one branch of the trachea, 
not only the part to which it immediately goes, but the whole 
lungs are filled.’ * Great force being required to expand the 
chest in the dense medium of sea-water, especially when it is 
to be filled with the rarer# atmosphere, the inspiratory mus- 
cles, and especially the diaphragm, are very strong. The yellow 
* xciv. p. 369. 2 Ib. p. 369. 


449 



3 

Ltui^n, from ^>elittid, with convolution of trachea, 
Brady ym tridactylas. cxxii'. 
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ill 






Ela»tic tlsBUC of :i)r-cclli«, ina»{U. Bulicnoptera. ccLXViii. 


fibres of the elastic tissue are abundant and conspicuous on 
the walls of the pulmonary air-cells in the Whales, as shown 
by V. dcr Kolk, in Bala:- 

noptera, fig. 450, a, h ; ^ 

in which figure a portion 
of the injected capillary 
web is represented at c, 

The elasticity of the 
lungs with the pressure 

on tlie surface of the 71 

body, makes expiration 

very easy, and the cur- 

rent strong when force 

is exerted, as e. g., to 

clear the naso-palatine 

breathing passages, fig. ^ ' 

t .1 1 Elastic tissue of alr-cclls, Hia«u. Balicnoptera. ccLXViii. 

297 , : the pulmonary 

va}) 0 ur so expelled mainly forms the ^ S 2 )oiit ’ of the Whale. 

Ill Sirenia the lungs resemble in shape and 2 )osition those of 
Cheloiie, but are loosely suspended at the 451 

back part of an elongated thorax, defined 
by an oblique diaphragm from the ahdo- 
men. This resemblance is further exem- 
^dified in the shortness of the trachea, 
the completeness of its cartilaginous 
rings, the length of the bronchi, and the 

extent to which their cartilages are con- '^w 

tinned into the substance of the lungs. 

These are convex on the dorsal aspect, 
flattened on the ojiposite surface along 
which the principal branches of the 
bronchi can be seen through the pleura 
])ulmonalis. The fore end of each lung 
is thick and obtuse but narrow : they 
soon become flattened as they recede and 
broaden. In the Manatee their anterior 
or outer margin is crenately notched. 

There are but three rings in the tra- 
chea of the Dugong, the first being the 

1 , rpi X • 1 - X U .LX 1 Bronchial cartilages of the Bugovg. 

largest. Ihe tube is somewhat nattened 

from before backward : I found it, in a specimen 8 feet long, 5 
inches in circumference and 1 inch^in antero-posterior diameter. 
In older specimens the rings have been found bony. The carti- 


Bronchlal cartilages of the Bugovg. 
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lages of the bronchial tubes arc continued spirally into one another, 
fig. 451 ; the pulmonary artery lies to the outer side of the bronchus 
and is deeper seated, the pulmonary vein to the inner side and 
superficially. The principal branch of the bronchus, />, fig. 452, 
runs down near the inner margin of the lung, and continues 
distinct to within four inches of the end ; it then divides into 
smaller branches ; the larger ramifications are given off from 
its out6r side, c, c. In all the branches the cartilaginous rings 
continue distinct and strong till their diameter is contracted to one 


452 



Section of terminal part of Iung» Dugoug. 


or two lines; the rings passing irregularly into each other as in 
the main trunks. The lining membrane of the air-tubes is thrown 
into longitudinal ruga5, indicating their dilatability. The super- 
ficial air-cells, ib. a, are six times larger than in the Porjioisc. The 
^ pleura costalis ’ is dense in both Cetacea and Sirenia^ as is the 
subserous tissue of the ^ pleura pulmonalis.’ 

In the Elephant the right lung sends a lobular process, behind 
the thoracic postcava, into the space between the heart and dia- 
phragm, but both this and the left lung are * undivided. The 
trachea has thirty rings, many of which are partially cleft. 

In the Rhinoceros (^Rh, indicus) the trachea has thirty-one 
rings : they are close-set, cleft behind, the ends meeting : the 
lining membrane is longitudinally rugous, as is that of the bron- 
chial ramifications for some way into the lung. Each lung is 
divided into a small upper and a large lower lobe ; the right lung 
also gives off* a transversely elongated narrow azygous lobule : 
the upper lobe has numerous deep marginal notches. In the 
Horse the trachea has fifty-two posteriorly incomplete cartilagi- 
nous rings, the ends of which are flattened, expanded, and over- 


581 


LUNGS OF MAMMALIA. 

# 

lap each other : the tracheal muscles are attached to their inner 
surface at the angle where the free ends are bent inwards. The 
lungs are, as in Rhinoceros^ each somewhat notched where they 
embrace the pericardium. The left lung, in the Tapir, has, be- 
sides the fissure opposite the base of the heart, a second nearer 
the apex. The right lung is more definitely three-lobed, the 
lower one forming the azygous process. The tracheal rings are 
thick and broad, as in the Rhinoceros. 

In SuidcB and CamelidcB the left lung is rarely cleft so as to 
show two lobes : the right is more commonly so, with the ^ lobulus 
impar ’ as a process of the lower lobe. In the Wart-Hog 
cochoerus) and Hippopotamus an upper lobe is distinguishable 
from a lower one, in the left lung, and the right shows three 
lobes, besides the lobulus impar. In the Ruminants it is more 
common to find three lobes on the left side and four, including 
the azygos one, on the right. The chief peculiarity of the respi- 
ratory system in the Ruminant group relates to the length of the 
neck, with which the windpipe is made to agree by the number 
not the length of its rings : thus the Camel may have upwards 
of 100 rings, the Giraffe upwards of 90, the Llama 80, while the 
shorter-necked Musks have not more than 50 tracheal rings. In 
some Ruminants the right bronchus bifurcates at its origin, and 
the left seems a third tube. The tracheal rings are cleft poste- 
riorly, with the ends touching or overlapping. 

In certain pinnigrade Carnivora the tracheal rings are entire for 
some way down the tube, and in the cleft rings the ends overlap. 
Phoca vitulina has upwards of 70 rings. I found the left lung 
in this Seal rather larger than the right, and both divided into 
two lobes : Hunter noted three lobes on the left side ^ united by 
a loose cellular texture.’ ' In the Ursine Plantigrades the left 
lung has two lobes, the right three and the lobulus impar. The 
tracheal rings are thickest anteriorly, thinning off to their edges 
at the posterior cleft : there is a slight alternate overlapping, or 
interlocking, both in successive rings, and at the fore and back 
parts of the same ring. 

The Ratel, Wolverine, and Carcajou, agree with the Bears in 
the pulmonary divisions ; the Mydaus has three lobes to the lung ; 
and the lobulus impar of the right lung is large and notched. 
In the Otter the left lung has two lobes and the right four lobes 
including the lobulus impar: the ends of the cleft tracheal 
rings are thinned off and overlap more closely than in terrestrial 
Carnivora. The tracheal tube is wide in most of the order, the 
number of rings ranges from 40 to 60. In Digitigrades as a rule 
* ccxxxvi. vol. ii. p. 96. 
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the right lung has four lobes : in some (Lion, Tiger, e. g.) the 
left has two lobes ; in others (Dog, Hyajna) three lobes. 

In ddroimjSy as in most Quadrnrnana, the lobulus iinpar is 
superacldecl to the three ordinary lobes of the right lung : the 
left luna* is bilobed : all the lobes are distinct from each other 
throughout. The tracheal rings, 26 in number in CMromi/s^ are 
cleft behind, with the ends in contact^ but not overlapping. The 

bronchi have shown dilata- 
tions in some Lenniridce, 
In a Lemur Macaco and a 
Tarsius the left lung was 
trilobed : as also in a Ba- 
boon, in which, as in other 
Catarhines, the lobulus im- 
par is small: it is represent- 
ed as a ju’ocess of the right 
lower lobe in Hylobates, In 
a Simla Satynis I found 
both right and left lung 

o o 

undivided. * In Troyhdytes 
the right lungs has three 
lobes, the left two lobes, 
as is the rule in the Bi- 
manous order. 

§ 355, Larynx of Mam- 
rnalia, — The vocal organ 
appended to the respira- 
tory system in Mammals 
is a larynx answering to 
the upper one in Birds. 
It consists of cartilages, 
sometimes ossified, joined 
by ligaments, forming the 
framework of a tube or 
case (pixis cava, Anthro- 
potomy), lined by mucous 
membrane, which may be 

Cartilages of the Larynx, ami of the upper part of the wind- produCcd illtO ^ folds ^ and 
pil)e ; Man, uat. size, ccxvn". A 

. ^ sacs ’ and reflected over 
elastic, sclerous, and muscular fibres. The larynx communicates 
below (or behind) with the trachea, fig. 453, #, and above with 
the pharynx. The chief or constant cartilages are the ^ cricoid,’ 

^ xxxiv". p. 8. 
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ib. dy the thyroid, ib. A, i, the ^ arytenoid,’ ib. a, a, and the epi- 
glottis, ib. f. 

The more immediate impressprs of ^ sonorous vibrations ’ upon 
the air transversing the larynx are the elastic fibres stretched 
between the arytenoid and 
the thyroid cartilages, thence 
termed ^ chordae vocales,’ and 
^ thyro-arytenoid ligaments ; ’ 
of which one is distinguished 
as the ^ upper,’ fig. 454, /, the 
other as the ^ lower vocal cord,’ 
ib. A. They intercept a space 
Hy where the lining membrane 
bulges outward, and in Man 
backward, forming the ^ laryn- 
geal sac ’ or ^ ventricle.’ In 
this section are shown the hyo- 
epiglottic ligaments, the thyro- 
hyoid ligaments c, the glosso- 
epiglottic ligaments, the crico- 
thyroid ligament f, and its 
junction with the lateral crico- 
thyroid ligament at g, i, and 
with the base of the arytenoid 
cartilage at n\ 

With this brief indication of 
the chief parts of the larynx in 
Man, its comparative anatomy 
may be better followed. 

In the Monotremes the superior larynx presents some remark- 
able modifications in the Ornithorhynchus. The thyroid cartilage, 
fig. 455, Cy in this animal is very broad ; its middle 
part is prominent and acuminate : the lateral alte are 
bony, and each of them divides, and sends one of the 
processes to the posterior part of the pharynx, ib., 
where it becomes cartilaginous, and is confluent with 
the corresponding process of the opposite side. The 
cricoid cartilage, ib. dy is ossified at its middle ante- 
rior jiart. The arytenoid cartilages, ib. Cy ey present 
the usual triangular form, and are of large size. 

The epiglottis, ib. a, is broad, with an acuminate 
and notched apex. 

On slitting uji the larynx posteriorly, and divaricating the 



A longitudinal section of the larynx ; Man. ooxvii", 
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Larynx of Ornl- 
thorbynchus. 

LXXXi^ 
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Ihyroid process,/,/, fig. 456, the superior vocal cords are shown 
at 5, 5, the inferior ones at c*, c: they are short, feeble, with a 
shallow linear interspace: a sulcus, d, lies between the upper 
cord and the cricoid cartilage. Both sexes emit a feeble squeak. 

The epiglottis, in Marsupials, is 
remarkable for its large size, and 
generally for its einarginate apex. 
There is no muscle })assing from the 
epiglottis to the tongue; its base is 
connected in the Kangaroo by a tri- 
angular fascia to the body of the os 
hyoides and the greater cornua ; and 
a small muscle passes from the middle 
part of the body of the os hyoides to 
the dorsum Hngiue. In Diddphis 
Opossum the epiglottis, fig. 456, /, is 
entire, the thyroid, ib. a, short, antero- 
posteriorly produced, and bifurcating 
into upper and lower cornua behind : 
the cricoid, A, c, is broad behind and 
notched below. In the Phalangers the 
epiglottis is broad and short, and with a bifid apex. In Pera^- 
meles and Phascogale the sides of the broad and short epiglottis 
are attached to the apices of the arytenoid cartilages, retaining 

thus much of its early condition, which 
will be adverted to in the account of the 
peculiarities of the mammary foetus. In 
the Perarneles lagotis I found on the base 
of the tongue in front of the epiglottis a 
small sacculus of mucous membrane, 
which communicated by a regular sym- 
metrical crescentic aperture situated 
between the body of the os hyoides and 
the thyroid cartilage, and was continued 
down in front of the thyroid cartilage ; 
the surface of the cavity was smooth and lubricated, and it 
seemed to be for the purpose of facilitating a hingeJike motion 
between the thyroid cartilage and the body of the os hyoides. The 
thyroid cartilage is con ^ ex externally and protuberant in the 
Phalangers and Koala. The base of the arytenoid cartilages is 
broad in the antero-posterior direction. The chordee vocalcs are 
represented by short and slight folds of the membrane, want- 
ing the ^ ligaments,’ and not susceptible of being stretched, in 
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Larynx of the Opoggura. 
ceexx. 
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Larynx opened from behind, Omitho- 
rhyrtrhuBt niagn. coexx. 



LARYNX OF MAMMALIA. 


the Kangaroos and Phalangers. The Opossums have the lower 
ligament^ above which is a small ^ ventricle ’ : they can squeak 
and also ^ purr.’ As a rule the Marsupials have little or no voice : 
the Wombat emits a guttural hissing sound; the Dnsyui'us Ur- 
sinus a snarling growl or whine ; the Thylacine is described as 
uttering a short guttural cry. I have never heard a vocal note of 
any kind from the Kangaroos, Potoroos, Petaurists, Phalangers, 
or Peramelcs. Bennett ^ states that the Kangaroo utters a moan 
when wounded and in pain. 

The voice of Rodents is shrill / ^ J «/ 

and monotonous : tlie cry of the 
wounded Hare is loud and pite- 

oils. The alse of the thyroid, fig. n S|/ /j ill 

458, b, are quadrate, convex, and 
united at an obtuse angle ; the 

posterior margins are oblique WBT ^ ^ 

and parallel. The cricoid, ib. d, is | W| 

short or narrow anteriorly, leav- Biii 

ing a wide space for the crico- ^ H j i cBrj 

thyroid ligament, ib. c. The 

arytenoids, ib. w, w, are rela- ||b| 

tivcly large, with everted api- 

cos The enio-lottis ib a is of the Ra])blt, Larynx and upper 

CCS. J.11C tpigioriis, lU. a, is from he- part of traclie.-i, 

broad, with a bifid apex: at bind, nat. size, ceexx. Ilabblt.mit.size. 

its base are small cartilaginous styliform bodies, separated by a 
triangular space : a vertical groove divides the insertions of the 
^ chorda) vocalcs ’ from b to c, fig. 458. The inferior tubercles, 
c, c, give attachment to the upper vocal cords ; which they help 
to stretch, while they expand the ventricles, and afford freer mo- 
tion to the lower vocal cords, d, d. In the Beaver the epiglottis 
is triangular, with a vertical raphe on its posterior surface, termi- 
nating in a sac bordered by the vocal ligaments. There is a blind 
sac at the base of the epiglottis in Codogenys Paca : in both Ro- 
dents the vocal cords arc short and little salient, and the ^ ventri- 
cles ’ are shallow: the voice is acute. In the Porcupines both 
the vocal cords and ventricles are wanting ; they arc mute, save 
at the rut, when the male emits a low grunt. 

The Insectivora agree with other Lyencephala in the low de- 
velopment of the vocal organ and power. In the Hedgehog, 
fig. 459, besides the thyroid, cricoid, c, arytenoid, d, and cpiglottal 
a, cai’tilages, there is a triangular cartilage, f, between the bases 
of the arytenoids and the cricoid, called ^ jnterarticular ’ in 


Larynx and upper 
])art of traclie.i. 
Rabbit, Hilt. size. 


cxnii". 
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ccxviii", p 34. At the apex of the arytenoids are the con- 
fluent ^ cartilages’of Santorini/ ib. h. The cricoid, c, has a median 
longitudinal ridge behind. The vocal cords are short, and at- 
tached interiorly to the lobes of the base of the epiglottis, the 
lower chord is the strongest ; the ^ ventricle ’ is 
produced into a sac between the epiglottis and 
hyoid. The Hedgehog’s squeak is seldom heard. 

The larynx of Shrews and Bats agrees in the 
main with that of the Hedgehog. . In a largo 
frugivorous bat {Pteropus) ^ the wings of the 
thyroid coalesce anteriorly for a short extent i 
the cricoid, fig. 460, c, has the posterior longi- 
tudinal ridge: the epiglottis is broad with an 
acute apexJ besides the arytenoids and their 
apically confluent ^ Santorinian cartilages,’ of, 
there arc the ^ sesamoid cartilages,’ 5, and an ^ intercellular cai’ti- 
lage,’ fy narrower than in the hedgehog, and of an oblong form. 
The inferior vocal cord is sharply produced, but is short and 
narrow : the ventricle is not dilated into a sac. 

In the Sloths the upper vocal cord is obsolete ; the lower one is 
well defined but short; the ventricle is shallow. The voice of 
the Ai {JBrachjpus tridactylus) is feeble and 
plaintive ; that of the Cholcepus didactylus^ cap- 
tive at the London Zoological Gardens, has 
never been heard there. The Armadillos, also, 
appear to be habitually mute : only the lower 
vocal cord is manifest: the ventricle is obsolete: 
the epiglottis is deeply notched at the apex.^ In 
the great Anteater (^Myrrnecophaga jubata^ the 
thyroid cartilage is ossified. The cricoid is car- 
tilaginous. The arytenoids are low obtuse carti- 
lages. The lower ‘ chordas vocales ’ extend from 
the arytenoids forward, the fold containing them 
expanding as they advance. There is a shallow fossa beneath 
this fold and a deeper one representing the ventricle above it. 
A small ^ interarticular ’ fibro-cartilage supports an obtuse pro- 
minence near the hinder ends of the epiglottidean folds, which 
are continued back to the arytenoids. 

The larynx includes, in Cetacea^ the usual Mammalian carti- 
lages, much modified in shape and proportions. The thyroid in 

* Referred by Brandt to Fterojpus Vampirus, in ccxviii"; and by Bishop, who 
copies the figure, to T^yllostoina Bpectr%m^ cccxx, fig. 898. 
cxxvii". p. 144. 
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lialcBnoptera is but little convex transversely ; the wings unite at 
an open angle ; the breadth much exceeds the length, but the 
lower angles are produced and continued down outside the cricoid : 
this is a thick cartilage, broad and flat posteriorly, with a thick 
U 2 )i)er margin and an irregular thinner lower one : it is incomjdete 
at the fore-part, from which the lining membrane of the larynx 
protrudes and expands into a large sacculus. In Pliocmna the 
thyroid, from the great extension of the inferior cornua, seems to 
consist of two semilunar car- 
tilages united at their anterior 
extremities. The cricoid is 
incomj3lete at the fore part, 
but does not give jmssage to 
a laryngeal sac. The aryte- 
noids, articulated to the cricoid 
by a broad base, arc of un- 
usual size and length, rising, 
in contact along their mesial 
borders, and becoming in- 
closed with the long epiglottis 
by a sheath of the pharyngeal 
mucous membrane, fig. 461, 
so as to form therewith a long 
pyramidal projection, with a 
slightly exi)anded apex, which 
is encircled, as it were 
grasjied, by a sphincteric dis- 
position of the muscles of the 
soft palate, ib. e. The 02 )cn- 
ing of the glottis (through 
which passes the bristle, in 
fig. 461) js transversely semi- 
lunar in D(dphinid(S : it is 
triradiate with the posterior cleft extending backward between 
the arytenoid apices in Balmnidm. The epiglottis seems almost 
continuous, through its fibro-cartilaginous union, with the upper 
margin of the thyroid ; it is elongated, and curved toward the 
arytenoids to which its lateral margins are attached, completing 
the apical third of the laryngeal tube in DelphinidcB : in Balcenidce 
the epiglottis and arytenoids are relatively shorter, and are con- 
nected together by the meriibrane at their base, the apices being 
free and not expanded, as in Delphinidce, The bases of the 
arytenoids extend from the cricoid forward to the thyroid, and 
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Section of the TouKue, Pharynx and Larynx of the 
Porpoise. cccx_x. 
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there are no ^ vocal cords^’ but between them and the base of 
the epiglottis ar^ two lateral glandular fossie, representing the 
^ ventricles ’ : there are numerous orifices of mucous follicles along 
the fore part of the base of the larynx. 

The external respiratory aperture, fig. 297, f, answering to the 
nostrils of other Mammals, is single in all Cetacea, save the 
Whales {Bahenidce), and is called the Sspout-’ or -^blow-hole.’ 
Where it is single it is a transverse slit ; it is symmetrically situ- 
ated, crescentic with the horns turned forward, in DelphhddcR ; 
it is crescentic but oblique and to the left of the medial line in the 
small Cachalot (^Eujdiysetes) ; it is similarly unsymmctrical, but of 
sigmoid shape in the great Cachalot (^Fhyseter). The two nostrils in 
the Whale-tribe are longitudinal. In all Cetacea the ^ spoil t-holc ’ 
is at the upper surface of the head, readily emerging for inspira- 
tion without unnecessary exposure of the animal. In the bi’oad 
truncate muzzle of the great Cachalot it is advanced to near the 
anterior margin of that part : in other Cetacea it is mostly on the 
same transverse parallel as the eyes. The direction of the nasal 
passage is accordingly vertical: and as the lining or defining 
membranes descend through the mass of adipose tissue to the 
bony canal, the passage is dilated or produced into large irregu- 
larly plicated sinuses or sacculi, ib. e, e. The first, toward the 
fore part of the passage, is connected with the formation of the 
anterior valvular prominence in Delphinidce, which fits into and 
closes the outer crescentic ajierture, at the will of the animal : 
other muscles serve to open and dilate the spout-hole. The great 
Cachalot, when gasping in the death-throes, opens it widely : in 
the ordinary state it will admit, in the Whale, a man’s arm. 
Lower down, in the Porpoise, larger lateral narial sacculi extend 
both forward and backward : the parietes of all these plicated ex- 
pansions are invested by a layer of muscular fibres ; whereby the 
water that may get access to them by the blow-hole, and to which 
they serve as diverticula, can be expelled along with tfie expired 
current of air. The number, size, and complexity of the narial 
sacculi vary in different genera : Hunter remarks that ^ the Sper- 
maceti Whale has the least of this structure.’^ Jn Delphinidm 
the nasal meatus divides on entering the osseous part of the 
passage, which is traversed by a medial prefrontal and vomerine 
^ septum narium,’fig. 297 ,di below this the passages again inter- 
communicate and receive the swollen apex of the glottis. In the 
small Cachalot {Euphysetes) the bony narial septum exists, but 
the right meatus is so small that only the larger left one is tra- 

‘ xciv. p. 371. 
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versed by tbc air-passage ' : and in the great Cachalot it is this 
disproportionately enveloped ^ bony nostril ’ which is described as 
the ‘ single canal ’ by Hunter.^ In the Balmiidm the two narial 
canals are continued from the blow-holes ; distinct from one 
another to the lower and hinder border of the bony septum. In 
all Cetacea a dark pigment is continued with the dense epithelial 
lining of the narial passages from the blow-hole down to the bony 
tract. The jdienomcnon described and figured as the ^ sj:)Outing of 
the Whale ’ consists chiefly of the expired pulmonary vapour ; it 
docs not include water received into the pharynx from the mouth; 
but it may contain that Avhich has been diverted from the nasal 
passage and accumulated in the sacculi : and the appearance of a 
fountain may be enhanced by superincumbent sea-water ^ blown 
up ’ in the violent act of expiration, begun before the bljw-hole 
itself had emerged. 

Similarity of structure can as little be predicated of the be- 
ginning of the air-passage as of the digestive and circulating sys- 
tems, ill the herbivorous and the carnivorous marine apodal Mam- 
mals. The Dugong and Dolphin jirescnt opposite extremes, e, g. 
in the development of the ejiiglottis, which can hardly be said to 
exist in Sirenia,^ The glottis is very small and T -shaj^ed, the 
upper transverse slit being crescentic, with the horns bent a 
little way outside the vertical slit: the epiglottis is not long enough 
to close or cover this, but makes an obtuse prominence in front 
of the glottis : the sides of the opening arc formed by the mem- 
brane covering the thin convex borders of the arytenoids. The 
cartilaginous wings of the thyroid are not confluent, but are joined 
anteriorly, for a short way, by sclerous tissue, and below this by 
membrane and areolar tissue: the mesial cleft below is continued 
on as a fissure to the upper cleft of the thyroid : each wing is an 
irregular rhomboid, of which the foremost end is the point of 
junction with its fellow, while the opposite angle is produced into 
the ‘ inferior cornu,’ and is similarly connected by sclerous fibres 
to a prominence on the side of the cricoid : the intermediate angle 
on the posterior margin of the thyroid feebly represents the 
‘ superior cornu,’ which is connected to the thyrohyal by ligament 
including a nuclear ‘ cartilage of Morgagni.’ The cricoid is a 
larger cartilage, and forms a complete ring : its broad posterior 
surface offers three longitudinal facets — one medial, narrow but 
expanding above and below, and two lateral and broad : the lower 
border describes three straight lines : the upper border is very 
thick, and presents, on each side, an elliptical, convex articular 
‘ XMx'. p. 37, pi. 13, tig, 1, ol, - Ibid. “ cxvii". p. 30 (1838). 



590 


ANATOMY OF VERTEBKATES. 


surface for the arytenoid : the anterior part of the cricoid is convex 
and notched above. Each arytenoid is an irregular three-sided 
pyramid, the inner surface flat, the antero-external surface convex, 
the postero-external surface concave, the base excavated to fit the 
cricoid articular tubercle, with which it is articulated by a synovial 
and fibrous capsule ; the apex is compressed and extended in the 
antero- posterior direction, forming the convex lateral margin of thfe 
gloftis. The short space between the arytenoid and thyroid car- 
tilages is traversed by a thick fasciculus of dense elastic fibres 
representing the lower vocal cord, and covered by the lining 
membrane of the larynx : there is a small pit between the ante- 
rior insertions of the ^ chordae,’ but no other indication of sacculus. 
The mucous membrane is smooth for a sliort extent below its 
reflection and over the arytenoid apices, and then begins sud- 
denly to be disposed in numerous narrow plicae which increase in 
breadth as they descend into the trachea : at the back part of the 
larynx are a few longitudinal rugae. There is no true cartilage 
in the epiglottis : the small pyramidal prominence in front of the 
glottis includes yellowish and white fibrous tissue which degene- 
rates gradually into the areolar substance occupying the interalar 
thyroid space : the other parts of the laryngeal framework have 
bony granules scattered thi'ough their gristly tissue. A ‘ hyo- 
epiglottideus’ is continued from the fore part of the epiglottis to the 
base of the tongue. The ^ arytenoidei obliqui ’ and ‘ fransversi ’ 
are represented by a single pair of muscles, which derive a broad 
and extensive origin from the posterior and external ridges of the 
arytenoid cartilages, and converge to be inserted into a small round 
cartilage in the posterior interspace of the arytenoids. These 
muscles, through the advantage afforded them by this middle 
fixed fulcrum (which ought therefore. to be regarded as their 
point of origin), act with great power upon the arytenoid carti- 
lages, drawing them together, and thus forcibly closing the nar- 
row glottis. They are directly opposed by strongly developed 
^ thy reo- arytenoidei,’ which pass obliquely backward from the 
internal and interior part of each division of the thyroid cartilages 
to the posterior and outer part of the arytenoids, which they 
draw apart, and thus open the glottis. The ^ crico-arytenoidei ’ 
arise from the anterior border of the cricoid, and are so inserted 
as to draw the arytenoidei forward as well as outward. The 
‘ crico-thyroidei ’ cover the whole of the fore part of the cricoid 
cartilage. The ^ sterno-thyroidci ’ and ^ thyreo-hyoidei ’ arc ex- 
tremely powerful.* 


cxvit". p. 32. 
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In the 'Elephant the alje of the thyroid are externally convex 
and unite anteriorly at an obtuse angle ; the upper cornua are 
short, the lower ones are notched anteriorly. The cricoid ex- 
tends posteriorly over the first three tracheal rings. The aryte- 
noids are long ; the lower vocal cord is well-marked ; the upper 
one indistinct. In the Rhinoceros the wings of the thyroid carti- 
lage meet at a slightly obtuse angle : there is no notch at the 
upper margin of the anterior median line ; but there is a con- 
siderable triangular vacancy below, filled up by dense elastic and 
aponeurotic juembranc, to which yielding walls of the larynx 
some of the fibres of the thyreo-arytenoidci muscles adhere. The 
cricoid is nearly thrice as deej) behind as in front, contributing 
to the extent of the crico-thyroid interspace. The arytenoid car- 
tilages are relatively of large size : their base extends half-way 
across the aperture of the larynx, and from the anterior extremi- 
ties of these produced bases, the upper and lower ‘ chordae vocales ’ 
extend forward to the thyroid cartilage and base of the epiglottis. 
Only the anterior half, therefore, of the ^ rima glottidis ’ is bounded 
by vibratile vocalising material, and the ordinary voice of the 
Rhinoceros is a feeble bleat like that of a calf. Between the 
ui)per and lower choixhe vocales is the opening of a large sac- 
cuius laryngis, which communicates anteriorly with a crescentic 
fossa under the base of the epiglottis. A fold of membrane ex- 
tends on etlch side from a small semilunar fibro-cartilage at the 
inner and under side of the base of the epiglottis, downward, in- 
ward, and forward to the anterior termination of the chordae 
vocales : these oblique folds form the inner or posterior walls of 
the anterior fossae of the sacculi laryngis. The anterior or supe- 
rior labia of the glottis form two broad, thick, slightly everted folds 
of mucous membrane. In the mass of muscles attached to and 
passing between the arytenoid cartilages, there are developed 
about twelve tendons which radiate to be inserted into a central 
sesamoid cartilage. The epiglottis is of a triangular figure, with 
the pointed aj)ex curved forward, and having strong glosso- 
epiglottidei muscles attached to it. 

In the Horse the wings of the thyroid meet at an acute angle, 
leaving a large inferior notch : the back part of the thyroid forms 
an almost acute angle with the cricoid : the cricoid has similar 
proportions to that in Rhinoceros ; it has been vertically cleft 
behind and the moieties divaricated, in fig. 462, z, L The aryte- 
noids, ib.y*,/, have their bases deflected from each other, keeping 
patent the ^ rima glottidis ’ : the ^ cartilages of Santorini,’ ib. 
are hook-shaped. The lower vocal cords, ib. g, g, are large and 



502 


ANATOMY OF VERTEBRATES. 


prominent ; above them are the orifices, e, of the deep ‘ ventri- 
cles ’ : the upper cords are barely definable. The epiglottis, 
ib. a, is a longish triangle with the apex entire and antroverted, 
the base medially cleft by the so-called ^ sulcus,’ ib. d ; and pro- 
duced into two ])rocesses cornua ’ of Casserius), Between tlie 
commissure of the lower cords, <7, g, and the epiglottis is an oval 
cavity, c, above which is the ^ semilunar ridge’ or ‘ membrane,’ h. 
In tlie Ass, the wings of the thyroid unite anteriorly at a 

rather obtuse angle : the cricoid 
resembles that of the Horse : it 



l/iryiiJt ot the Horse laid opeh. ceexx. 


The r^aviiix of the Ass laid open, ceexx. 


less acute; it is perforated by two a2)ertures, ib. c, c, leading to 
two ‘ sacculi ’ continued upon part of the inner surface of the 
thyroid. Between the apertures is the arched recess, ib. in 
which the lower vocal cords, d, c?, are inserted ; these arising 
behind from the bases of the arytenoids. 

The voice of the horse under sexual or other pleasurable excite- 
ment is due to movements of the vocal cords through forcibly 
ex2>ired air, but with short intervals or interrin)tions of the current. 
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producing the shrill but tremulous or vibratory scale of notes, 
sinking to its close, and called the ‘ neigh.’ It is peculiar to the 
grouj) of EfjuidcB with callosities on both fore and hind legs and 
with flowing mane and tail ; the species with callosities on the 
fore legs only, with stiff erect manes and naked terminally tufted 
tails, vibrate their vocal cords by currents of air in altdVnate 
opposite directions, produced by vigorous acts of inspiration and 
expiration, with the head and neck held in the ])osition in which 
such currents can best act upon the larynx ; the sounds so pro- 
duced are termed the ^ bray : ’ in some species the notes are long- 
drawn out, e. g. the ass ; in others they are shortened to a kind 
of ‘ bark,’ as in the S. African striped ass, called, on that account, 

‘ couakka ’ or ^ quagga.’ 

The thyroid of the Tapir is thicker than in the Horse or Ass, 
and lies more in the plane of the trachea : the cricoid is less 
than in them, and has no tubercle on the back part. The 
arytenoids resemble those of the Horse,* but are less hollowed 
behind, A triangular fibro-cartilaginous mass rcpijjsents the two 
cartilages of Santorini (fig. 462, /e, A, Horse); a similar trian- 


gular fibro-cartilage at the anterior 
border of the arytenoid represents 
the cuneiform cartilage, and is con- 
tinued at its apex into the lower 
vocal cord : this is well marked, 
sharp, and joins its fellow at an 
acute angle ; the upper vocal cord 
is very short, but definable. The 
^ ventricle’ is prolonged into a 
blind oval sac resting upon the 
i n ner sur face of th e thy roid. F rom 
the anterior confluence of the lower 
cords a membranous fold ascends 
toward the epiglottis, and divides 
into two semilunar folds which 
bound small follicular depressions. 
The ei)iglottis resembles that of the 
Ass ; an opening at its base leads 
to a curved cavity on each side. 

In Artiodactvies the wiiiffs of 
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the thyroid unite at an acute 

angle. In the Hog there are no upper cornua : the cricoid, fig. 
464, J\ is broad and thick behind, with a tuberous process on each 
side. The arytenoids, arc united at their apices by a ‘ santo- 
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rinian cartilage;’ both ui)j)er, h, and lower, c, vocal cords are 
well defined, and direeted obliquely downward to be inserted into 
the thyroid about one-eighth of its length from the lower margin. 
The ventricle, commencing by the chink, d, is continued upward 
into an oblong flattened sacculus, a. The range of voice is con- 
siderable, from the low grunt to the loud discordant squeal. 

In the Camel the wings of the thyroid meet at an almost right 
angle, aifd unite along the mid part, leaving an uj>per and an 
under notch. The upper cornu is represented by a slightly 
prominent tubercle; the lower cornu is more produced, over- 
lapjjing obliquely the cricoid, and tied to a tubercle near its loAver 
border by short ligamentous fibres. The cricoid is a deep and 
thick annular cartilage; the vertical extent anteriorly is about 

half of that behind ; the u])])er border 
has an oval facet on each side for the 
arytenoidsfc The base of the arytenoid 
dcvelopes an external, fig. 465, r/, and an 
internal process ; the body is lamelliform, 
and expands above into a punctate softer 
cartilage which curves outward. The 
epiglottis, ib» «, has a median rising or 
tubercle, A, on the hinder surface ; the 
lower cords, c, c, from the base of the 
arytenoids, arc neatly defined, more linear 
in the Llama than in the Camel ; the 
broad membranes, 5, 5, continued from 
the anterior border of the arytenoids to 
the base of the epiglottis, represent, by a 
slight thickening of their lower border, 
the upper cords ; a slit-like aperture bc- 

Larynx exposed from behind, tWeCU thcSC aild tllC loWCr COrds Icads to 
C'HiiK’l. ceexx. - 1 n 1 1 • 1 n^i 

moderately developed ventricles. J he 
thyroid cartilage is perforated by a laryngeal nerve and by a 
vessel. 

In the Ox the thyroid ahe are sub*equilateral, and united at an 
obtuse angle: the upper vocal cord is less marked than in the 
Camel ; the lower one is rather longer, and vibrates so as to 
produce the bellowing roar of the bull and the sonorous lowing 
of the cow. 

In the Elk (AJees), the upper cornu of the thyroid, fig. 466, n, 
is much produced ; the lower one is obsolete, and the rounded 
angle there is connected by ligament with the cricoid tubercle. 
The cricoid is short anteriorly, ib. 5, and connected there by the 
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crico-tliyroid ligament, d, crossing the wide sj)ace of that name, 
to the thyroid ; the cricoid is expanded behind and thence pro- 
duced downward, at c, so as to cross the five first tracheal rings. 
The upper cord is not defined: the lower one is inserted into the 
middle of the fore-part of the thyroid. In the Kein-deer a 
laryngeal sac protrudes below the base of the epiglottis. 

The Giraffe is mute, save at the sexual season. The larynx of 
the Deer, with the annexed vascular thyroid bodies, undergoes a 
periodical development, at the season of the rut, in the male, 
which then utters notes characteristic of the species : in the Red- 


deer it is termed ‘ belling ’ {quasi 
bellowing); in the Fallow-deer 
it is something between a belcli 
and a bray: in the Roe-buck it 
is a shriller grunt. 
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Larynx, Ursus Malaiunns. (H'cxx. 


In the Bear the thyroid Is convex, the ala3 meet at an obtuse 
angle, and unite along the upper half of their fore part, which 
develo[)es a tubercle, fig. 467, «, to which the epiglottis is at- 
tached: the inferior cleft, ib, 6, almost extends thereto in Ursus 
arctos : the upper cornua are short, the lower ones, ib. //, are very 
long. The cricoid is almost divided by an anterior cleft, c, 
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and the lateral halves arc connected chiefly by ligament. The 
arytenoids, fig. 468, arc rhomboid : between them at the hind 
part of the rima glottidis are the sesamoid cartilages, ib. lU (U 
upon which a few iniisciilar fibres act. Cuneiform and Santorinian 
cartilages are also present. The lower 
vocal ligaments rise, as they advance, 



Rini:i glottfilfs, with aryt.rnold and 
M'hHinold carrilages, Ursus Mahi- 


toward the upper ones. The epiglottis 
is broad, with an obtuse ai)ex. In the 
Badger the larytigeal sacs are deep and 
bifid, one portion extending to beneath 
the root of the tongue, the other to be- 
tween the thyroid and cricoid cartilages. 
In the Otter the anterior cleft of the 


yaniis. .xa.. t l 

cricoid, Tig. 469, c, extends to near the 
upper border: the lower or hinder border of the thyroid, ib. />, is 
deeply emarginate: the middle of the upper border shows a 
rounded apex, like a process : the epiglottis a is oval. 

In the Dog the epiglottis is triangular, with a medial furrow at 
the base : the ventricles are deep : Santori- 
nian and cuneiform cartilages are present, 
superadded to the arytenoids which curve 
away from each otlier. In the Cat tribe tlic 
upper vocal cords, fig. 470, c, are unusually 
prominent, and by their vibration cause the 
‘ ])urring ’ sound : the lower vocal cords, ib. 
are shorter and less prominent, and do not 
supi)ort any membranous appendages : the 
epiglottis, ib. h, is triangular with a subacute 
a[)cx ; in the Lion this is more obtuse. The 
ventricles form a sac between the vocal liga- 
ments. The larynx of the Lion differs from 
that of the Cat chiefly in its more free suspen- 
sion, allowing the strong vibrations of all the 
parts producing the terrific roar. In the Cat the upper cornua 
of the thyroid are closely connected through the medium of the 
thyro- and cerato-hyals, with the stylohyals : in the Lion a long 
ligament intervenes between the stylo- and cerato-hyals. 

In the Aye-aye {Chironn/s) the thyroid is like the prow of a 
boat, without keel, being laterally contracted and produced: the 
cricoid is notched at the middle of its broad back part ; the crico- 
thyroid interspace is narrow. The vocal cords are slender and 
well defined ; between them and the epiglottis is a large and 
deep i)ouch, from which a median sacculus is produced between 
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the back of the thyroid and the base of the epiglottis.' An 
interarticular cartilage lies between the arytenoids. I found 
both these cartilages partly ossified and the cricoid confluent 

with the upper two tracheal rings. The 
^70 laryngeal cartilages are commonly more 

or less ossified in the Slow Lemurs. 

In Stenops gracilis the lower cornua 
of the thyroid are produced over and 

471 




I .ary uxor Cat. cccxx. 


Vertical section of the head and neck, with the expanded 
buslliyal and larynx, of Mycctcs seniculus. Lxix'. 


beyond the cricoid to be connected with the first tracheal ring : 
the crico-thyroid interspace is narrow, but vertically wide : there 
are both Santorinian and cuneiform cartilages. The upper vocal 
cords are rather thick and attached forward to the root of the 
epiglottis: the lower vocal cords are narroAV, short, and attached 
to the thyroid: the ventricles are shallow, and are confluent 
beneath the epiglottis. This rises high and has its free border 
rounded and notched. The thyroid is prominent, with a median 
emargination above, in Lemur Mongozi the back of the cricoid 
is ridged below, and above this is excavated. The arytenoids are 
rather large and high, having the Santorinian bodies connected, 
but not confluent, with their apices. The vocal cords are well 
* cii'. p. 44, pi. 10, fig. 3. 
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defined, the upper ones are broad; above their epiglottidean at- 
tachments there is a widish sac : the intercordal ventricles are 
moderate. 

Among Platyrrhine Quadrumana the larynx of Ilapale, Calli’~ 
thrix, and Cebus retains the moderate proportions of that in Lemu-- 
ridce, : it is relatively larger in the Spider-monkeys {Ateles) and 
attains, with the hyoid, an enormous size in the Howlers {Mi/cetes, 
fig. 471). In most the upper border of the thyroid is emarginate : 
but Ateles arachnoides and Hapale rosalia are exceptions ; instead 
of the notch there is a median process, and a small sacculus pro- 
jects from the crico-thyroid interspace : the Santorinian cartilages 
are confluent at their apices, and distinct from the cuneiform 
cartilages, in Calms and Hapale ; but both are fibrous rather 
tliaii gristly : they appear as processes of the upper vocal cords. 
These are attached to the thyroid like the lower cords, which 
there rather overlap them : the ventricles are moderate : the rima 
glottidis is ordinarily wide and almost perpendicular ; the basi- 
hyal is not excavated. In Ateles the basihyal is quadrangular 
and excavated : the Santorinian and cuneiform bodies coalesce 
with each other and with the epiglottis, of whi(!h they seem to be 
processes. In the Howler {Mi/cetes) the ericoid, though small in 
j)rop(fttion to the rest of the larynx, is larger tlian iri other 
Platyrrhines and remarkably thick and powerful, especially 
behind : it is ossified, and impressed on each side, near the lower 
])osterior angle, by an articular cavity for the short obtuse lower 
horn of the thyroid. This cartilage shows a still larger relative 
size, which is thrice that of the human thyroid : it makes a 
strong anterior prominence, bulging out there to lodge a pair of 
sacculi continued from the fore part of the long intercordal cleft 
or ventricle. The arytenoids are small, with their uncinate apices 
continued into a large fibro-cartilaginous mass, representing vastly 
developed and confluent Santorinian and cuneiform cartilages, 
connecting the arytenoids with the long sigmoid epiglottis, and 
including the scarcely distinguishable upper vocal cords. The 
lower ones are broad, but well defined. Prom the fore part of the 
intercordal space the pair of sacculi are developed which line or 
occupy the thyroid bulla. The epiglottis is more than 4 inches in 
length and 2 inches in breadth, with the sides bent down so as to 
form a kind of arch above the glottis. The ‘ rima ’ so covered 
consists of an anterior semilunar portion, from which a chink 
extends backward, dilating into an oval aperture. Between the 
glottis and the arytenoid cartilages are the orifices of a pair of 
pouches, continued rather from the pharyngeal than the laryngeal 



LAHYNX OF MAMMALIA. 


r,riff 

membrane, winch extend forward and upward on each side of the 
epiglottis. From the upper part of the thyroid sacciili are conti- 
nued a pair of ‘ pyramidal oval ’ sacculi, which occupy the sides of 
the interspace between the epiglottis and the hyoid : and from 
the fore part of the thyroid sac is continued the neck of the large 
Mnfundibular sac,’ which expands to occupy and line the huge 
^ bulla ’ or bony cave formed by the basihyal, and of which the 
section is shown in fig. 47 L 
Travellers in the forests of 
tropical America testify 
to the astounding tones 
emitted by these far-heard 
^ howling ’ Monkeys. 

Ill most Catarrhines the 
basihyal is expanded and 
excavated for the reception ^ 
of a laryngeal sacculus, but 
in a far inferior degree to 
that in Mycetes, In the 
Baboons a section of the 
basihyal is shown at fig. 

472,' to expose the sacculus, 
c, which is continued from 
below the root of the epi- 
glottis ; from this pouch the 
sacculi continued from the 
intercordal ventricles are 
distinct. The back part of 
the cricoid is traversed by 

a medial ridge. The upper Larynx of Baboon. {Cynocephalufi). ocoxx. 

and fore part of the thyroid, 

ib. d, is produced, and supports the hyoid sac : the wings of the 
thyroid coalesce at an obtuse angle. The crico-thyroid interspace, 
ib. /, is wide. The arytenoids, ib. «, resemble those of Man : 
the Santorinian cartilages, therefrom continued, are not confluent 
with each other apically, as in Platyrrhines. The cuneiform 
fibro-cartilagcs are continued from the upper vocal cords, are 
large, and project from the aryteno-epiglottidean folds: the free 
border of the epiglottis is obtuse, in some species emarginate. 
The upper vocal cords are bent; the lower ones are rather 
thick : above the convergence of the upper cords is the longi- 
tudinal fissure leading to the hyoid sac. 

* This figure is taken from the preparation, No. 1173, .xx. vol. ii. p. 110. (1834), 
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In the green Monkey ( Cercojyithccun sabceua), the structure of 
the larynx accords witli that in Macacus * and Cyjioceplialus, In 
fig. 473, n shows the expanded and excavated basihyal, /, with 
the attached thyiohyals: in a, a is the epiglottis, h the basihyal, 
c the hyoid sac, d the thyroid cartilage, c the trachea. 

No tailless Ape has the medial aperture and hyoid sac. In 
the Gibbons the larynx is relatively large, the voeal cords well 
defined, with deep intervening ventricles, from one of which is 
(‘ontinned the sac projecting into the thyro-hyoid space. If 
Mycetvsi has the loudest cry, the Gibbons have the greatest range 
of nctes; they alone, of brute Mammals, may be said to sing. I 


47:^ 474 



f/ivyn\ ftf ('n cDpil lu'cus sjihii'Uji. cccxx. T^jiryngfal pouch of the adult Orang-utan. 


heard, with astonislnneTit, the Wouwcu {Hylohates arfilis\ captive 
at the Zoological Gardens, emit the rising and falling scale of 
semitones, throughout the octave, which Martin has accurately 
rendered in the musical notation given in ccxx". In the Orangs 
the saceuli continued from the iiitercordal ventricles pass out be- 
tween the thyroid and hyoid, and in the adult males extend 
over the fore part of the neck and upper part of the chest, 
being subdivided into several pouches, as in fig. 474, the lowest 
of which may be crossed by the pectoralis major. In the young 
Chimpanzee ( Troglodytes 7iiyer^, the laryngeal sacculi, fig. 475, 
a, a, produced from the ventricles extend u})ward and outward, 
the left, in the sjjecirnen dissected by me, being continued for- 


XX. vol. ii. p. 110, fig. 1 173 c. 


2 XX. vol. ii. No. 1173 A. 
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ward, ib. c, below tlie basiliyal, ib. wbieh was slightly cx])ande(I 
and excavated for its reception. In the larger species of Tro- 
fjlodi/tes ( Tv. Gorilla), this sacculus is developed in the adult 
male to the degree which it presents in Pi sheens Satj/rus. The 
roar of the male Gorilla is loud, and may be heard far off in its 
native forests. 

In Man there is no such excess of development of the laryngeal 
sacculi or other part of the vocal organ. Tlie cords are long 
and well-defined, and all parts of the organ are in well-balanced 
j)roportion. The chief elements 
of the vocal organ have been 
already defined and exemplified 
in figur^^s 453 and 454. The 
external muscles of the larynx, 
viz., the Ghyro-hyoidei,’ ‘sterno- 
thyroidei,’ and ^ crico-thyroidei,’ 
oper^vte (among other actions) in 
pro(jiticing that rotation of the 
criejoid upon the thyroid which 
effects the important change in 
the angle of the vocal cords as 
i'^; exists in ordinary breathing, 
when they are so inclined to each 
other as to have no vibratory 
motion, to the position in which 
their surfaces lie in the same 
plane, and when the breath ex- 
cites their vibration ; the ‘ thyro- 
arytenoidei,’ fig. 477, d, d' , co- 
operate in putting the cords into 
this position. The quality of the vibration dejiendent uj)on the 
degrees of tension of the vocal cords, and the vocal tones due to 
degrees of patency of the ‘ rima glottidis,’ arc mainly influenced 
by muscles acting upon the cords, fig. 47G, c, c, through the 
medium of the arytenoid cartilages, h, h. If the left wing of 
the thyroid be removed, the following muscles operating on the 
vocal cords through that medium may be demonstrated. To 
each arytenoid cartilage proceeds a pair of muscles ; one, ‘ thyro- 
arytenoideus,’ fig. 477, d, arises from the inner surface of the 
anterior part or angle of the thyi'oid ai the sujierior fibres, 
d' , pass horizontally backward and outward to be attached to 
the prominence on the outer side of the arytenoid, /; these, 
sometimes distinguished as the ^ thyro-arytenoideus superior,’ 
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must be removed to give a full view of the vocal cords, as at c, 
c, fig. 476. The ^ crico-arytenoidei postici,’ figs. 476, and 477, 




Dissections of the Ilunian larynx, from one side, ccxvii'^. 

e, c, arise from the back part of the cricoid, and are inserted 
into the outer and back part of 

the base of the aiytenoid. The r; 

^ crico-arytenoideus lateralis,’ ib. 

J\ arises from the upper and fore 
margin of the cricoid, and passes 
upward and backward to be in- 

serted, with the thyro-arytenoid, » 

ff, into the outer basal prominence, 

/, fig. 477. The line c G, fig. 476, is “ 

the vertical projection of the crico- 
arytenoid articular axis. The ten- 
dency of e and / to divaricate the 

arytenoids and open the glottis, si 

is counteracted by muscular fibres Dissection of Human larynx, from above, 
passing from one arytenoid to the coxxm . 

other, and which have received the names of ^ arytenoidei obli- 
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qui’ and ^ ar. transversL’ In fig. 478, the mucous membrane is 
removed to show the vocal cords, v, v, bounding the glottis: 
attached behind to the arytenoids at F, and in part to the 
thyroid at T. The ring of the cricoid cartilage is shown at x, 
L, which can be rotated on its axis R, S, by the crico-arytenoidei 
postici, and tlie crico-arytenoidei laterales. 

In the louder tones of voice or song the vibrations extend from 
the cords to the contiguous elastic tissues, and even to the thyro- 
arytenoid muscles, ib. k. In the deeper notes the cords are relaxed 
by drawing the arytenoids toward the thyroid to the degree in 
which the air-current can put them into vibration, and according 
to the length of the cord that can be made to vibrate is the depth 
of the bass note. In the medium degree of tension, when the 
wrinkles of the rima glottidis are effaced, the ordinary tones of 
the voice and the middle notes of its compass in singing are pro- 
duced. The higher notes depend on combined tension of the 
cords with narrowing of the glottis and strengthening of the cur- 
rents of air. The vocal cords in men are about one-third longer 
than in women and boys. Castration arrests that prominent 
growth of the thyroid, &c,, which accompanies the elongation of 
the cords.’ 

’ For tlio furtlier and minor influences of the various combinations of the actions 
of the foregoing muscles on the vocal mechanism, reference should he made to cccxx, 
ccxvii", ccxxi", ccxxii", and especially to ccxxiii". 
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CHAPTER XXXIV. 

URINARY SYSTEM OF MAMMALS. 

§ 356. Kidneys of Mammals . — These glan'ls (hg. 422, o, o, and 
vol. ii. fig. 139, k) are characterised, in the ])resent class, by 
being composed of two kinds of substance differing in colour ; one 
^ cortical,’ highly vascular, with tortuous secerning tubes, fig. 479, 
c ; the other ^ medullary,’ less vascular, with straight secerning 
tubes, ib. rn. They are preceded, in the development of Mam- 
mals, as of Birds, by the temporary embryonal bodies, noticed and 
figured in vol. ii. p. 226, fig. 103 : but the persistent kidneys 
reach a higher grade of structure, differentiated as above. They 
have a more compact and definite form than in birds, and their 
vascular supply is more exclusively their own ; the uriniferous 
tubules converge toward the interior, and do not spread to the 
exterior, of the gland ; the ureter, moreover, is not directly con- 
tinued from them, but receives, by a dilated beginning or pelvis, 
their terminations usually crowded upon a prominence called 
^mammilla.’ All mammals have the urinary bladder. 

In Lyejicepkala^ Lissencephala, and most of the smaller species 
of Gyrencejifiala, the kidney offers its most simple mammalian con- 
dition, as exemplified in fig. 479. The 
cortical substance, of softer texture, 
and usually of a dull light-red colour, 
contains the malpighian bodies, fig. 
481, m, c (vol. i. p. 538), and the re- 
flected tortuous beginnings of the uri- 
niferous tubes, ib. t : the medullary 
substance is firmer, of less uniform 
colour, conical in form, dark red at the 
base, lighter-coloured toward the apex 
in many Mammals ; it is devoid of mal- 
pighian bodies, and is composed chiefly 
of the uriniferous tubes continued from the cortical part in a 
straighter course, uniting as at y, s, t, fig. 480, on the dichoto- 
mous plan, and converging to open upon the apex of the medul- 
lary cone. 
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Type of Maraniallan kidney. 
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apex of the cone (where this projects), is called ^ calyx Its con- 


tracting: continuation to form the duct is the 
‘ infundibulum the cavity of the gland which 
it lines, as at /;>, fig. 479, is the ‘ pelvis ’ of the 
kidney ; the fissure from which it emerges is 
the ^ hilum.’ The renal artery, derived di- 
rectly from the aorta, fig. 422, d, d, divides 
into two or three branches on entering the 
hilum, and, of the subdivisions of tliesc in the 
medullary substancic, the two principal, in 
the Kangai-oo, anastomose to form an arch 
over the base of the cone, whence proceed 
the arterioles, fig. 481, «, to the cortical sub- 
stance. Here the terminal twigs, ib. /*, enter 
the mali)ighian body, w/, to form the vascular 
brush or tuft ; the returning vessel, d^ com- 
bines, with those from other tufts, c, c, to 
form the capillary i)lexus, />, which surrounds 
tlie uriniferous tube, t The capillaries unite 
to form venules, Avliich on the surface of the 
human kidney have a stcdliform disposition, 
and when congested give it a finely lobiilated 
appearance. The veins from the centre of 
each ^ star ’ dip into the renal substance, 
unite, and ultimately emerge at the ‘ hilus ’ 
anterior to or ventrad of the artery ; but, in a 
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Tubull uriuiferl of rortual 


few lyfanimals, they unite in an arborescent and pans of kia- 

^ Dt'y. n^LAxwi. 

disposition Hijcpna) or form a iietAvork 

(P/o>fv/) upon the surface of the kidney ; in all, the venous trunk. 


fig. 418, A, terminates in the postcaval, ib. v. 
The uriniferous tubule commences in Mam- 
mals, as in lower Vertebrates (vol. ii. p. 538, 
fig. 3o6), from the malpighian corpuscle, fig. 
481, m, c, and passes toward the surface of 
the kidney, before being reflected and convo- 
luted in the cortical substance. 

The cliief modifications of the kidneys in 
Mammalia are seen in the shape or absence of 
the mammilla, and in their composition by a 
seeming multiplication of simple kidney s,eithcr 
with or without a common cortical envelo])e. 
The first of these is presented by the Orni- 
thorhynchus, fig. 502, a, in which the tubiili 
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uriniferi terminate 
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on the concave surface of a small and simple pelvis. The ureter, 
ib. c, c, takes the usual course to the contracted neck of the 
bladder, ib. d : but terminates, in the male, in the urogenital canal, 
below the vasa deferentia ; and, in the female, fig. 534, /, /, beyond 
the uterine orifice, m, which thus intervenes between the ureter 
and the orifice of the urinary bladder. In all respects, save the 
place of termination of the excretory ducts and their relation to 
the reservoir of the secretion, the urinary system of the Mono- 
tremcs adheres closely to the Mammalian type : in the Echidna 
the mammilla slightly projects. The circumstances in which they 
deviate from the higher Mammals approximate them to Reptiles ; 
and it is to be observed that the deviation commences where the 
urinary system begins to be connected with the generative organs, 
in which the oviparous type of structure is especially manifested. 

In the Marsupialia the tubuli uriniferi terminate on a mammilla 
which projects into the commencement of the ureter in the 
Opovssums, but docs not extend beyond the pelvis of the kidney 
in the Kangaroos. In the larger herbivorous Marsupials the 
medullary substance forms several lateral abutments to the base 
of the cone. In Macropus Farryi the kidneys are situated 
six inches above the brim of the pelvis, and lie in the same 
transverse line : they have the same relative position in other 
Poephaga. In the Koala the right kidney is higher by its 
whole length than the left. In Dasyurus inacrurus and D, r/rer- 
rimis the right kidney lies half an inch higher or in advance of 
the left ; in this carnivorous genus a few branches of the venal 
veins are distributed upon the surface of the kidney, but not 
in the same proportion or with the beautiful arborescent dispo- 
sition characteristic of the kidneys of the Cats, Suricates, and 
Hyajna. In a Dasyur?is macriirus weighing three pounds eight 
ounces, the two kidneys weighed thirteen drachms. In a 
hmyista vulpina, weighing five pounds three ounces, the two 
kidneys weighed only ten drachms. The ureters terminate, in 
all Marsupials, at the back of the neck of a large and peiKhdous 
urinary bladder, fig. 422, /. 

In Ilyrax capensis the tubuli uriniferi terminate in a {)romi- 
nent and pointed mammilla; in all the large Pcrissodactyles, 
e. g. Horse, Rhinoceros, Tapir, they open ui)on the concave sur- 
face of the renal pelvis, and can be readily injected from the 
ureter. Injection of the arteries of the Horse’s kidney shows 
the terminal branch, fig. 482, /, dilating within the malpighian 
corpuscle, d, and there dividing into lobes or groups of capil- 
laries, /, i ; the returning or efferent vessel is shown at 2 , ; 

and the continuation of the uriniferous tubule at t, from the 
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capsule of the corpuscle, 7n^ In the Rhinoceros the pelvis is re- 
presented by two longitudinal canals which converge and unite 
to form the ureter, of which they may be said to be the begin- 
nings. Tlie kidney is lobu- 
lated, or composed of numer- 
ous renules, each Avith its corti- 
cal and medullary j)art, but the 
tubes of the latter unite and con- 
verge to open into the longitu- 
dinal, quasi pelvic, canals with- 
out any valvular prominence.^ 

Tiic kidney of the Elephant 
differs chiefly in the termina- 
tion of the tubuli of the lobes 
upon slight prominences; of 
these there is no appearance 
in the EqukicR. The tubular 
divisions of the pelvis are 
shorter in the Zebra than in 
the Horse or Ass, where they 
are continued nearer to the 
upper and lower ends of the 
kidneys. The ureters in these, 
as in the Tapir, terminate as 
usual in tiie neck of the blad- 
der. But in Hyrax, conco- 
mitantly Avith an unusual length of loins, the ureters do nbt 
reach so far down, but open obliquely into the back part of the 
‘ fundus vesicje.’ 

In the Hog-tribe the kidney is simple ; but the mammilla is 
somewhat extended at its free termination. In the Chevrotains 
and other small ruminants the kidney is simple as in Lisse nee p] tala ; 
but in larger deer and antelopes the beginning of a more complex 
structure is seen in the aggregation of the tid)uli uriniferi into 
several coues, distinct at their bases, but blending into a common 
elongate or ridge like mammilla. This structure also obtains in 
the Camelklm ; but in the Bovldee the cones arc distinct, termi- 
nate by mammilhe in tubular productions of the renal pelvis, and 
are associated with some lobes or divisions of the cortical sub- 
stance, such divisions sometimes including more than one cone. 

In the Dugong the tubuli terminate in a single pelvis by 
several lateral ridges ; but the exterior is undivided. In the 
Manatees, and in Bhytina^ according to Steller, the kidney is 

* v". p. 44, p]. 14, figs. 2 and 3. 
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lobiilatcd. In the human kidney the tubuli are grouped into 
from twelve to fifteen conical bundles, the apices of which project 

into a common pelvis ; but 
occasionally two cones 
combine to terminate by a 
common mammilla: in fig. 
483 are shown three cones; 
in section, with the rela- 
tive position thereto of the 
artei’ies, «, and the veins, 
h. In the fietiis the cor- 
tical part is subdivided 
like themedullary, but the 
clefts become obliterated in 
’ the growth of the kidney. 
Qaadrumana have a sin- 
gle mammilla; but in the 

s, „t „„rt .,f Hu,nn„ ki.i,,.,- : „-,t. .. is cxtcnclcd, 

and the tubuli are partially 
grouped into bundles near the cortical substance. The kidney in 

the Suricate, Viverri- 
die, Hytenas, and Fe- 
lines is chiefly remark- 
able for the arborescent 
disposition of the veins 
on or near the surface; 
the mammilla is single, 
as it is, also, in the 
MusteUd(£, CfihidcR, and 
^SubursldcB. In Beais, 
Seals, and Whales, the 
kidney is divided into 
numerous lobes or re- 
nules, in the Walrus 
amounting to three or 
four hundred, and in the 
Porpoise, fig. 427, E, to 
even a greater num- 
ber. Each renule has 
its own capsule, which 

PorUttii of tlie kJtlney (jf a Porpoise. rcLxxxvi. _ eillOVcd clt f/, 

fig. 484 ; a section of 
the renule shows it to be composed of a cortical and medullary 
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substance, ib. c ; the tubuli terminate at the apex of a mammilla, 
d, which j)rojccts into an infundibulum.* The infundibula are pro- 
longed, and unite to form tlie ureter which comos out at the medial 
and hinder surface of the kidney and enters the neck of the uri- 
nary bladder. 

In most quadrupeds this reservoir is more pendulous, has a 
more complete covering of peritoneum, than in Man.' The oblique 
valvular course of the ureters through its coats is common to the 
Mammalian class. The monotremes arc the sole exceptions ; in 
them the ureters, fig. 485, /, 2, do 
not terminate in the bladder, A, but 


in the urogenital canal, c*, the ori- 
fice of the sjiermduct or oviduct, in, 
intervening between that of the 
ureter and the bladder. The urine 
may dribble out with the lances, or 
may jiass by a retrograde course 
into the bladder ; but, in cither 
case, it is expelled per chacarn not 
jn r urethram : the penis in the 
male subserving tlie conveyance of 
the semen only. In all other 
mammals both urine and semen arc 



. , , , I , , rijfons, VHgiurt ami vent, Slnrw. 

carried out by the urethral canal 

in the male; and, in some Insectivora (Shrews, Moles) and ^aad- 


rmnana (Slow Lemurs), the clitoris in the female is similarly tra- 
versed by a canal, which here, however, is exclusively for the 


urine. The a aginal orifice intervenes between the prominent and 
perforate clitoris, figs. 485, 546, c, and the anus. 
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CHAPTER XXXV. 

TEGUMENTARY SYSTEM AND APPENDAGES OF MAMMALIA. 

§ 357 . Derm , — The main constituent of the skin of Mammals 
consists of an interlacement of fibres of the white or sclerous 
kind, fig. 486,^5 continuous with those of the subjacent areolar 
tissue, ?, but more or less abruptly defining a firm sheet of strong 
and tough fasciculate framework investing the body : the looser 
central or initial texture, /, includes, in its larger meshes, fat, 
sweat-glands, A, bulbs of hair, of bristles, or of spines, with seba- 
ceous follicles, according to the species: it is traversed by the 
nerves of the sensitive or tactile pa^nllae, t/, by sweat-ducts and by 
arteries, veins, and absorbents: it is covered by the c])idcrm, c, a. 
With the sclerous fibres of the derm are blended a varying ])ro- 
portion of the yellaw clastic fibres, and of unstriped muscular 
tissue, especially in relation to the roots of the hairs or spines. 

The texture of the derm is firmest at its periphery, where its 
surface is best defined: its thickness varies in rehation to the 
bulk of the species and to other circumstances ; it is such, e.g., in 
certain Perissodactyles and the Hippopotamus, as to have suggested 
the name of ‘ Pachyderm ’ for an artificial group of Ungulates in 
the Cuvierian system. In the full-grown Giraffe the corium 
hardly exceeds half an inch in thickness at any part: in the 
Indian Rhinoceros, of about the same weight, the average thick- 
ness of the derm is between two and three inches : it is thinner 
on the less exposed surfVices and at the bending of the joints. In 
the large specimen which I dissected the integument on the 
middle line of the abdomen presented a general thickness of three- 
fourths of an inch : on the inner side of the extremities, it was 
about one-fourth of an 'Inch in thickness. It was connected to 
the abdominal parietes by a loose cellular tissue, and by a (doscr 
one to most of the other parts of the body ; but the parts to 
which the stiff and ponderous hide most firmly adhered were the 
spinous processes of the posterior lumbar and sacral vertebrae, 
and the anterior extremities of the iliac bones, at which places 
the corium was blended with the periosteum, and was thin. 
The derm adhered over the jugal bones to a kind of movable 
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libro-cartilage ; but its attachment along the median line of the 
fore part of the head was so firm as to require^ especially beneath 
the horn, the use of a chisel in order to separate it from the skull. 

Besides its attachment to subcutaneous cellular substance, fascias, 
elastic tissue, fibro-cartilages, and periosteum, the derm is con- 
nected with parts which are destined for its motions and adjustment 
upon the body. The ^ panniculus carnosus ’ of the Khinoceros is 
developed in certain parts to an extraordinary thickness ; the 
permanent folds in the hide of the Indian species serving to afford, 
like the processes of bone, a firmer insertion to the aponeuroses 
of the cutaneous muscles than a plane surface of integument could 
have done. A sheet of these muscles situated on each side of the 
thoracic or scapular region sends its fascia into the interstice of 
the fold in front of the anterior extremities, the skin being bent 
upon itself, as it were, to grasp this fascia. Similar portions of 
panniculus carnosus send their aponeuroses into the posterior 
folds of the skin. 

The derm, in Cetacea^ is a somewhat gradual condensation of 
the close fibrous reticulation in the areola? of which the oil is con- 
tained; the thickness of such subcutaneous tissue, called ^ blubber,’ 
being enormous in the large Whales : it is wanting at the fins, 
and here the derm is closely connected with the sclerous tissue 
covering the bony framework of the pectorals, and contributing 
mainly to form the dorsal and caudal fins: in the latter the sub- 
dennal fibres become assorted into three layers, the upper and 
under ones being longitudinal, the intermediate layer transverse, 
and the texture of the whole so compact that the traversing veins 
as well as the arteries preserve their open state when cut across. 
The fine lengthened papillus or villi from the periphery of the 
derju are noticed at p. 188. 

Certain Rodmtia contrast with the Pachyderms in the thinness 
and laccrability of their derm, resembling birds in that respect. 
Another Lissenceidialous family reproduces a crocodilian cha- 
racter, in the development of osseous scutes upon the peripheral 
part of the derm (vol. ii. p. 396, fig. 261). These scutes are 
small, mostly quadrilateral, and suturally united so as to form 
three principal groups : one protecting the trunk like an arched 
roof, a second forming a flatter shield or helm upon the head, the 
third encasing the tail, like a sheath. In most existing Armadillos 
the ti’unk-armour consists of an anteidor thoracic buckler in which 
the ossicles form a kind of mosaic work ; a middle ‘ annular ’ part 
in Avhich they are disposed in transverse series movable upon 
each other ; and a posterior lumbar buckler, like the thoracic 
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one : by this modification of tlie dermal plates the little animal 
is enabled to roll itself into a ball, and j)rotcct its snout and 
legs beneath the trunk-armour. In the large extinct Armadillos 
( Gl^ptodon) the annular or banded modification of the armour 
was not iiresent ; and the whole of the dermal scutes of the trunk 
Averc united into one massive domed roof: tlie marginal scutes 
being generally triangular, the rest more or less regularly hexa- 
ironal. The inner surface of the scutes, imbedded in the derm, 
is smooth ; the outer surface coated with epiderm is sculptured 
in a definite pattern, distinct for each species and ehai’actcristic 
thereof. The dermal plates of the caudal sheath in certain kinds 
of Gli/ptodon iormciX annular series of large conical tubercles; 
the first ring, in all, Avas distinct from the rest of the caudal 
sheath, to facilitate the movements of the tail. 

In the Pangolins (^Manls) the exterior of the derm is grooved, 
as in Lizards, for the lodgment of the bases of the large horny 
scales, Avhieh protect the body and tail by their imbricated over- 
lapping arningenient (vol. ii. fig. 158). The muscular tissue 
enters in greater pr()j)orti()n than usual into the composition ol‘the 
derm of this Mammal, in connection with the thick ‘ panniculus 
carnosus,’ and in relation to the erection of the scales, when the in- 
tegument is drawn defensively about the uprolled trunk and tail. 

Productions or duplications of the derm,Avith included muscles, 
&c., form the peculiar mammalian oral a])j)endages called ‘ ]ii)s : ’ 
an everted fold of skin forms the ‘ scrotum : ’ an inverted fold 
the marsupiuin and the cheek-jamch (p. .386, fig. .300) : the 
derm is extended betAveen the digits to form the ^ Aveb ’ in most 
aquatic quadrupeds, and also beyond the digits to augment the 
sAvimming surface in the Ornithorhynchus : a duplicature of 
integument forms the ‘ dewlap ’ in certain Bovines : it forms a 
broad fold on each side, continued from the fore to the hind 
limbs to form the parachute, in the Petaurists, Pterornyds 
(Vol. ii. fig. 156), and Flying Dormice {Anornalurus): in the 
{G(tkopithecus) the dermal fold expands from the na])e 
to the fore-feet, from these to the hind-feet, and thence to the tip 
of the tail, forming a triangular ‘ interfcmoral ’ flap. But the 
most extraordinary developments of derm are presented by the 
Bat tribe ( vol. ii. p. 278, fig. 156) ; the ^ antibrachial fold ’ crosses 
the deep interspace between the humerus and radius ; the ‘ digital 
fold,’ Avhicb mainly forms the Aving, occui)ies the interspaces of 
the long and attenuated digits; the ‘flank-folds ’ extend from the 
fifth digit to the tarsus ; the ‘ interfcmoral fold ’ 2 )asses from leg 
to leg, intercepting more or less of the tail. 
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The wing-membrane is sometimes further developed, so as to 
be disposed at one part in the form of a pouch, as in the genus of 
Bat thence called Saccopteryx^ in which the pouch is plicated, 
and its linear orifice is near the head of the humerus. The 
delicate organisation of these modifications of the derm has been 
noted at p. 189 ; and, as regards its vascular structure, at pp. 549 
and 553. The conchal or auricular productions of the derm are 
considerable in all J^ats : the two outer ears are confluent, or united 
by a transverse fold of skin, crossing the forehead, in Nycteris 
and Meyaderma ; in these and many other genera, e.g. Rhino-’ 
poma^ RhinolophuSy Rhyllostomay the nose, also, is furnished with 
a crest or with foliaceous laincllaj. 

The sudoriferous or sweat-glands, fig. 486, /, consist of a fine 
secerning tubule, cjiled up into a ball, and situated at the under 
surface of the derm or in the subcutaTieoiis 
tissue, h : the duct traverses the derm, at first 
in a wavy course, becoming straightcr in the 
denser peripheral part, and spiral as it passes 
through the cpiderm, 5, to terminate at the 
sweat-pore. The sebaceous glands relate chiefly 
to the hairs, and mostly open into the hair- 
sheath or follicle, %. 487, h. The movements 
of the derm are due cither to intrinsic or ex- 
trinsic muscles : the former, ib. which are 
smooth as a rule, j)roducc the shrinking called 
‘ cutis anserina,’ on account of the protrusion 
of the hair-sheaths, and the depression of the 
intervening part of the skin; the extrinsic 
muscles, which have striped fibres, move more 
or less of the integument, as when cattle after 
a shower, or a dog quitting the water, shake 
off the moisture, or when a fly or other irritant is sought to be 
dislodged. 

§ 358. Epiderm. — Upon the papillose surface of the derm, in 
the embryo, albuminoid atoms in the solution exuding therefrom 
formify as cells, and between the outermost of these, condensed 
and dried by exposure after birth, and the derm, formifaction con- 
tinues, throughout life, to produce a precipitate of cells. These, at 
first, arc perpendicular to the derm, in one or more strata ; then, as 
they arc pushed off by newly formed cells, they assume a more 
rounded shape, lose their soft granular contents, afterwards their 
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firmer nuclei^ and, finally, become pressed into dry hard scales at 
the periphery of the epiderm. Many of the deepest-seated and 
first-formed cells contain coloured particles or pigment, consti- 
tuting the ^retc iniicosum,’ or ^malpighian layer,’ fig. 484, ch 
This pigment, combined with the cells constituting the hairs or 
spines, gives, the characteristic colour of the quadruped, and 
seems to affect the derm itself. It rarely manifests, in Mam- 
mals, the bright and pure colours noticed in the skin of Birds 
(p. 231, vol. ii.); but to the face of certain baboons it may 
give a red, blue, or violet tint. In quadrupeds with circum- 
scribed patches of black hair a deposition of dark pigmentum 
may be traced in the corium above the sheaths whence the black 
hairs trrow. The darker-coloured skin and hair is, as a rule in 
Mammals, on the upper or moi’e exposed surface of the body, 
and the lighter-coloured pelt is below. But in the Katel and 
Skunk the ordinary arrangement of colours is reversed, the back 
being light and the belly dark : the white bands of hair in the 
Skunk are associated with a corresponding colour of the corium, 
and arc seen on the inner side of the dried pelt. In the human 
subject the amount and colour of the subcuticular pigmental 
cells relate, but not absolutely as regards existing continents and 
peoples, to the degree of solar influence to which the skin is ex- 
posed. A fair complexion and light hair do not characterise any 
race indigenous to tropical and Avarmcr temperate latitudes, but 
are limited to cooler temperate and cold climes, which, from the 
present excess of dry land in that hemisphere, are northern or 
arctic. The continent of Europe, if the complexions of its pec)j)les 
be compared from Scandinavia to the Mediterranean, exemplifies 
the progressive deepening of the tints of skin, hair, and eyes, as 
the sun exerts more power. But the Asiatic part of the ‘ Old 
World’ shows this relation in a minor degree. The aborigines 
of Northern Asia to Kamtschatka are, like the Japanese, of a 
brownish-yellow complexion : the same prevails through all the 
latitudes of the vast Chinese Empire ; but the southern extensions 
of that people into Cochin-China, Siam, and Burma, do show a 
deeper brown. The Hindoos retain the same almost black tint over 
a range of twenty- six degrees of latitude and twenty-four degrees 
of longitude ; but these are tropical, or nearly so. The Malays of 
the Indian Archipelago preserve the same deep brown tint over 
eighteen degrees of latitude, reckoned from the equator north- 
ward, and the tint would seem still to relate to such excess of 
solar influence; although the sway of other causes is exemplified ’ 
by the darker Mincopies, Cingalese, and Hindoos, under similar 
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influences. Still more strikingly is tliis shown by the blackness of 
the Melanian aborigines of New Guinea, Australia, and Tas- 
mania, retained from the sixth to the forty-third degree of south 
latitude ; and especially of those of the outlying islands in prox- 
imity with others inhabited by the olive-brown Polynesians, whose 
complexion prevails from lat. 12® S. to 46® S. (New Zealand). 
But the most instructive example of the closer relationship of 
tint to race than to climate is afforded by the aborigines of the 
New World, which hold nearly the same depth of copper-brown 
or reddish tint, latitudinally from Tierra del Puego to Hudson’s 
Bay, and longitudinally from the Atlantic to the Pacific. The 
contrast between tlie South American Indians and the African 
Negroes would seem to be decisive against the hypothesis of 
degrees of solar influence being the causes of degrees of darkness 
of complexion. 

But there is an clement in the problem which ought to be 
taken into consideration, viz. ^ time.’ If Africa be an older con- 
tinent than South America, its aborigines may have been sub- 
jected to solar influences through a longer scries of generations. 
We know not the extent of such series; some may deem that 
were the intertropical South American Indians subject to a 
vertical sun during the long ages of Africa’s emersion, they would 
acquire a darker complexion. 

Climate, however, depends on other influences than sunshine. 
Degrees of moisture, and whatever influences cause a contrast or 
gradation of seasons, &c., may have their effects upon com- 
j)l exion. Filthy habits, foul air, and bad food, affecting biliary 
and other secretions, have their share in darkening the skins or 
sallowing the complexions of the Esquimaux, Fins, and Laps, 
e.g. as compared with the cleanlier and more healthily living and 
better nourished Scandinavians residing some degrees further 
from the pole. But assuming, as the general result of the above 
survey of human complexions, that such complexions do, in the 
main, show a certain dependent relationship on solar light and 
heat, and postulating the effect of long periods of such subjec- 
tion, we might then be led to conclude the darkest of the 
intertropical and warm temperate peoples to be the oldest ; that 
the Melanlans, scattered on islands to the east of the Indian 
Ocean, inhabit relics of a continent as old as, perhaps older than, 
Africa ; and that the lighter-tinted races on intercalated or 
contiguous portions of dry land are subsequent immigrations 
or derivatives from lands less affected by solar influences. On 
this hypothesis it may be inferred that the deepest-tinted races 
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existing in the islands of the Malayan Archipelago are the oldest 
inhabitants of such — those most entitled to be termed aborigines. 
The Hindoos, by the same pigmental test, would be deemed older 
than the Parsce or Mahometan natives of Hindostan, as history, 
indeed, testifies. In extra-tropical latitudes, human generations 
may have succeeded eacli other for the same duration of time as 
in tropical ones, without further deepening or development of 
pigment than such diminishing influence of the sun may effect. 
Such peoples, migrating to tropical countries, may long maintain 
their inherited complexions ; just as the black races migrating to 
extra-tropical latitudes long retain the tint inherited from fore- 
fathers in whom it has been established primarily by the requisite 
continuance of exposure to extreme solar heat and light. 

§ 359. Callosities . — The cpiderm, besides forming the firm and 
more or less insensible outer protection of the derm, acquires un- 
usual thickness at certain parts in diflereiit mammals. It forms 
callosities over the sternum of the Camel and Dromedary, and 
upon the parts of the joints (carpal and rotular) on which these 
useful beasts of burden kneel. It defends the broad back of the 
penultimate phalanges of the fingers of the knuckle- walking 
Apes, the ischial tuberosities of most lower Catarhines, and the 
prehensile surface of the tail in many Platyrhincs. 

In the Equidee there are callosities on the inner surface of the 
limbs, which, however, are more dermal than epidermal. In the 
Horse, on the inner side of the fore-leg, a little above the carpus 
(4V)re-knee’ Hippotomy), and on the inner side of the hind-log, 
a little below the ^ tarsus ’ (hock-joint, Hippotomy), is a naked 
protidicrance of a soft horny consistence, about the size of a 
chestnut, and called ^ chataigne ’ by the French veterinarians. 
Behind the metacarpo-phalangeal joint is a similar but smaller 
horny tubercle, called the ^ ergot,’ or spur. The Ass has not the 
^ chataigne ’ on the hind-leg ; but there is the vestige of one on 
the fore-leg, situated there as in the Horse; it consists of a 
])atch of black skin devoid of hair, but not horny. There is a 
similar trace of the spur (ergot) behind the metacarpo- and 
metatarso-phalangeal joints. The Zebra resembles the Ass in 
these respects: the homologue of the fore-leg callosity is a 
patch of black naked skin about 3^ inches long and 3 inches 
broad ; the callosities behind the metacarpo-tarso-phalangeal joints 
are like those of the Ass. 

§ 360. Hair . — The cutaneous clothing characteristic of the 
Mammalian class is ^hair.’ It consists of unbranched filaments 
of epidermal material, usually com{)osed of ^ pith ’ and ‘ crust,’ 
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«aTi(l in which »are distinguished the ^ root,’ the ^ stem,’ and the 
‘ point.’ 

The root is softer and lighter in colour than the stern,* is con- 
tained in a canal of the skin or sheath, fig. 487, c, and expands at 
the implanted end into the ^ knob.’ This part during the growtli 
of the hair has a conical cavity inclosing the ^ bulb,’ ib. /*, which 
forms the ^ pith from its base there is reflected upon tlie ‘ knob ’ 
a capsular layer of cells which forms the ^ crust ; ’ this layer is con- 
tinued to near the outlet of the sheath ; 
it consists of two or more layers of 
cells, the outermost of which have 
generally lost their ^ nuclei.’ The 
proper tunic of the sheath is ^ derm,’ 
lined by epiderm continuous with the 
cuticle, which ac(;ordingly, when shed, 
usually brings away the hairs. In the 
dermic part there is a vascular and a 
hyaline layer ; the latter ceasing with 
the capsular part of the hair’s matrix. 

Two sebaceous glands, ib. /^, usually 
open into the hair-sheath ; and one 
or more delicate muscles, ib. of 
unstrij)ed fibre, pass from the haitler 
superficies of the denn to be inserted 
into the capsule beneath the glands ; these are mainly concerned 
in raising the hairs. 



Section of skin with halr-matriceH. 


Hairs, like teeth, are of two kinds as regards growth ; one 
temporary, the other persistent. The former arc shed and suc- 
ceeded by new hair, usually once a year; the latter have persistent 
bulbs and perennial growth. The body-hair of the Horse is an 
example of the first kind, the hair of the mane and tail of the 
second kind. In many Mammals there are two kinds of hair, 
accoi’ding to form, length, and structure ; one short, fine, more or 
less curled, and mostly hidden by the longer, coarser, and straighter 
kind, which is sometimes called the external coat, albeit the roots 
sink deeper into the derm than do those of the internal coat, 
usually called ^ fur.’ 

These two kinds of hair — inner and outer — are most distinctly 
as well as abundantly shown in arctic and aquatic quadrupeds, 
(ermine, sable, beaver, and the seal-tribe), especially in the young 
state, when the heat-forming power is weak. In some s])ccics of 


* Tho contmst is striking in the hair of the Ornithorhynohus, in which the brown 
tint is confined to the expanded terminal part of the hair. 
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Seal the ^ fur ’ gets scanty in the adult {Otaria lohata^ 5 
others it continues abundant in quantity, and ot fine quality 
{Otaria nrsina, e. g.); hence a difference in the commercial value 
of the skins, whereby ^sealers’ distinguish between the ^hair- 
seals’ and the ^fur-seals.’ 

The term ^ wool ’ is commonly understood to mean the modified 
hairs of domesticated breeds of sheep, which, through a finely 
imbricate arrangement of superficial serrated scales, and a 
curly disposition, have the property of mutual cohesion, called 
^ felting,’ on which depends the value of wool in manufactures. 
The property is present in a minor degree in the longer, straighter, 
scantier fleece of such wild sheep as the Himalayan Oois Viqnei, 
the Ovis Ammon of Central Asia, and the Ovis Musimon of 
Sardinia. In the domesticated races the fleece has been modi- 
fied and improved, in various degrees, by crossing the breeds, by 
choice of climate and pasture, and by careful attention and defence 
during its growth, until not only has the original coarse character 
of the product disappeared, but qualities of wool of different kinds 
and of different degrees of superiority have been obtained, gene- 
rally divisible into two classes, one better adapted for ^ carding,’ 
the other for ^ combing,’ and both available for a great variety of 
useful and elegant textile fabrics.* 

The fleece of the domesticated varieties of Aiichenia (Llama 
Vicugna) has analogous properties rendering it useful for various 
manufactures. In all liuminants the hair is shed annually : this 
would happen to the wool of Sheep were it not shorn. The 
Llamas form no exception : the fleece of one in the London Zoo- 
logical Gardens became ragged and detached in masses in the 
month of July. Mammals living in cold climes develop a thick 
undercoat of fur or wool : this is seen in the Musk-bubale, and 
was the case with the primigenial Elephant ^ and Rhinoceros,^ its 
former associates in high northern latitudes. 

The muzzle, the inside of the ears, the sole of the paws, arc 
defended by hair in arctic quadrupeds (e.g. Ursus maritimm). 
The sole of tlie foot in the Camel and Dromedary is defended by 

• In judging of these qualities in wools, it is requisite to tost the fineness and elas- 
ticity of the fibre, the degrres of imbrication of tho scaled surface of tliu fibre as shown 
by the microscope, tho quantity of fibre developed in a given space of the ficece, tho 
comparative freedom of tho fleece from extrjincous matters, and tho skill and care 
employed in preparatory processes ; such, for example, as that termed ‘ scouring’ tho 
fleece, upon which depends its liability or otherwise to mat ut tho bottom of the staple, 
ccxxviii". . 

^ C€XL^ p. 263. * lb. p. 351 {Rhinoaros tichoThinus^, 
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hair from the hot sand of the desert.' Nocturnal quadrupeds of 
hot climates, as, e.g., LemuridcRy have the soft fur and the longer 
scantier kind of hair. The northern Wild Boar has an undercoat 
of fur besides the bristles : in most domestic Hogs the latter alone 
are developed ; and a gland-like body partly surrounds the matrix 
of the bristle, fig. 485, L Rhinoceroses and Elephants of tropical 
latitudes have but one kind of hair, most conspicuous in the 
young, especially in elevated localities, but almost wholly lost in 
the full-grown animal. The Hippoj^otamus, Sirenia, Cetacea^ 
Bimana^ are examples of naked Mammals ; but on the limited 
localities where the skin develops such a covering, it is of the 
mammalian character — hair or bristle. The foetal Whales show 
the latter on the lip, the adult Elephants and Rhinoceroses on the 
tail. Human hair, which continues to grow through more or less 
of life, has distinctions as to localities and length, characteristic 
of age and sex : it varies in colour from pale yellow to black, and 
in form from straight to crisp, resembling wool on the head of 
the Negro variety. 

The degree of imbrication of the scaly outer layer of the human 
hair is such that rubbing one between the thumb and finger pushes 
the root-end away. Beneath the scales the cortical part of the 
hair is minutely fibrous ; it includes a cellular pith with pigment, 
upon which the colour of the hair mflinly depends. In the minute 
hairs on the general surface of the body, the pith is wanting. 

I have observed the hair of the beard to bo three-sided, with 
rounded angles, in transverse section ; the hair of the head of the 
same individual being a full oval in such section. 

The general direction of the minute and fine hairs on 'the 
human limbs accords with that of the medullary arteries of 
the long bones, viz. toward the elbow-joint and from the knee- 
joint.*'^ A corresponding disposition prevails in the hairy clothing 
of the limbs of Quadrumnna, In the attitude assumed by an 
Ape crouching beneath the pelting of a tropical shower, with 
close-bent limbs, thigh and fore-arm upward, arm and leg down- 
ward, the reverse directions of the hairs on the proximal and 
distal segments will bo seen to be such as to act in both as a 
downward watershed. 

The general direction of the hair in swift quadrupeds offers 
least impediment to forward motion. Some small borrowers, 
which move backward as well as forward in their long and narrow 

' XX. vol. iii. p. 213. 

* Eschhicht has given ample details of tlic dispo.sition of the hair in the human 
fa*tus, in ccxxx". 
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tunnels, would be inconvenienced by such unchangeable disposi- 
tion of their fur. Accordingly in Moles, Shrews, and Platypi, 
e.g., the stem of the hair is filamentary, the end broad and flat, 
and the slender and expanded parts may alternate twice or 
oftener in the course of the hair, enabling the whole fur to 
assume any direction in which it may be stroked. 

The heat-retaining property of the pilose covering is mainly 
due to the amount of air it is able to retain. The long curly 
cliaracter of the Sheep’s and Llama’s fleece is one modification to 
this end ; the swifter Deer and Antelope are not so encumbered ; 
but the hairs composing their thin but close and smooth pelt 
have a cellular structure which combines lightness with the re- 
quisite air-intercepting quality. 

In the Horse there is a central point on each flank, whence 
the hair radiates in a somewhat spiral manner: the corresponding 
centre in the Giraffe is a little behind the middle of the abdomen, 
towards the lower part.* 

The hide of the larger Ruminants which are exposed to the 
elements in the prolonged act of grazing is defended by the 
greasiness of the hair, as may be felt in the recently killed Ked- 
deer or Fallow-deer. The amount of sebaceous nu\tter excreted 
with the hair in some Antelopes is such as to have suggested a 
specific name in accordance fherewith.* 

The varieties of structure of hair are extreme ; those of Deer 
seem almost wholly to consist of cellular pith, the cortex unde- 
finable : the tail-hair of the Horse, and the Pig’s bristle, offer 
the opposite extreme of thickness of cortex and minimum of j)ith. 
But these and other modifications demand a special micrography.** 
Hairs of some quadrupeds, the Racoon, e.g., in the filamentary 
productions of the cortical scales, recall the character of the 
immature down in Birds (vol. ii. p. 237). In some Rodents, the 
Hare, e.g., several fine hairs project from the mouth of the same 
sheath as the larger hair. In Mice and Shrews the margins of 
ihe cortical scales encompass the hair and project forward or 
rootward. This free projection is such in some bats that the 
hajr presents the appearance of a succession of cnsheathed 
funnels with their apices backward or outward. The hair of the 
Sloth is fluted, the crust appearing to be composed of several 

• The varioties in this respect merit more notice tiian they liavo hitherto received. 

® Laurilhird’s AntilojiC nncluom is prohahly the same species as Kobiis Sing-sing of 
Ogilhy. 

® Brief immersion in sulphuric acid and cleansing with ether are requisite prelimi- 
naries for clear and satisfactory microscopic specimens of ha**s. 
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filaments confluent with a common central pith. In the Peccari 
the pith of the coarse body-hair is crossed by condensed cells like 
beams strengthening the cortex. The colour of the hair is lost 
by age in Man, and during the winter season in the annually 
renewed covering of many arctic Mammals : the endosmotic 
transfer of their contents from cell to cell of the pith effects this 
change. The hairs of the Cape-Mole are peculiar for the 
iridescent tints tliey reflect, wlience its generic name, Clirtfso- 
chloris. 

The stiffer, thicker kinds of ‘ hair ’ are called ^ bristles : ’ when 
these attain unusual length, grow from the li])s, checks, and other 
jiarts of the head, and have the matrix suj)[)licd by unusually 
large nerves, endowing them with tactile or exploratory faculties, 
they arc termed ‘ whiskers ’ or ‘ vibrissie : tliose which beset the 
muzzle of the Walrus attain the thickness and stiffness of spines, 
and serve, also, mechanical uses.* 

^ . . . 4SS 

The muscles moving vibrissa3 
have the striped fibre. 

§ 361. Spines , — Over the major 
jjart, including the more exposed 
surfaces, of the skin of the Hedge- 
hogs {KrinacenSy Centetes') spines 
are developed in such numbers and 
of such length as* to conceal the 
hairs; they are nearly straight, 
termijiate in a i)oint, and, when 
fully formed, arc smaller at the 
root than in the shaft. They 
have a thick, stiff, horny cortex, 
including a pith of cqHs ar- 
ranged in transverse groups, fig, 

488, a. The matrix is originally 
situated beneath the derm, in con- 
tact with tlie strong ‘panniculus SicUuii i.f skin, HtiiKoiu.g; 

,1 , .. * 1 • «, sei-tiidi of jnatrrj. 

carnosus; but section ol the skin 

shows the roots and sheaths of the quills, extending to different 
depths according to the period of their growth; the newly 
formed ones are lodged deep, and torniinate without contracting, 
the pulp being large and active, and the cavity containing it of corre- 
sixmding size; but as the growth of tjie quill proceeds, the reflected 
integument forming the sheath gradually shortens and draws the 
(piill nearer the surface ; the pulp is at the same time progres- 

* XX. vol. iii, p. 245. * Ib. p. 246. 
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sively absorbed, and the base of the quill is contracted in dia- 
meter, until it adheres to the surface of the derm by a narrow 
neck, below which is a slightly expanded remnant of the matrix. 
The disposition of the dermal muscles subserving the spiny armour 
of Eriuaceus europmis^ is given at pp. 18, 19, figs, 7 and 8. 

In the Porcupine {Ilj/strix cristata) the spines attain so great a 
length that they are called ^ quills.’ The formative pulp, fig. 489, 
c, is longitudinally furrowed ; to it is due the cellular. pith; the 
capsule or inner layer of the theca is reflected into, or fills, the 
pulp-grooves, and deposits therein, and continuously around the 
whole, the horny cortex : the consequent arrangement of crust 
and pith is such as in transverse section to give the figure, fig. 489. 
Beneath the matrix is a cavity like a minute ^ bursa mucosa,’ which 
allows much freedom of motion to the quill when acted upon by 
the muscle, dy of the sheath, / : a sebaceous gland, A, serves the 
quill opening into the sheath near the outlet. When the growth 
is completed, the matrix shrinks, and the same movement to the 
periphery of the derm takes place as in the spines of the Hedge- 
hog. Thus it happens that when the quills of the Porcupine arc 
violently shaken by the action of tlie cutaneous muscle, c, the 
adhesion oi some old <|uills to the derm has been so reduced that 
they are thrown otf. 

489 



Section of skin, with matrix and root of rinlll; i, ucctloii of (lulll, Porcupine. 


§ 362. Scales . — Only one genus of Mammal {Manis) offers a 
covering of scales ; and with them arc associated hairs. The scales 
are large, epidermal or horny in tissue, and imbricate or overlap- 
ping, with the free border turned backward, vol. ii, fig. 158. The 
external surface of the derm is raised into large rhomboidal pro- 
cesses, upon which the scales are moulded : beneath the derm is 
a thick "panniculus carnosus,’ adapted to draw the integument 
around the animal as a means of defence, and connected with 
muscular slips, which erect the scales. 
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A few other Mammals show partial deposits of scale-shaped 
cuticle. Thus, in the tail of the Beaver the epiderm is disposed 
in hard scale-like plates, the anterior margins of which project 
obliquely inwards, and develop small pointed processes which pass 
into corresponding depressions of the derm. In the great Flying 
Dormice of Africa {Anornalurus) there is a double row of alternate 
overlapping horny plates at the under part of the base of the tail, 
reminding one by their size and strength of the scales of Majiis, 

§ 363. Nails, ctaws, and Hoofs, — The derm covering the ends 
of the digits, in Man, is closely connected or confluent with the 
perioste at the back of the last phalanx, and forms near its base a 
crescentic groove or ^ nail-bed,’ from the ridged and highly vascular 
surface of which a solution of epidermic material exudes, which 
material formifies as cells, at first vertical to the surface; then, 
when pushed off by a succeeding precipitate of cells, becoming 
flattened, and ultimately condensing or coalescing into the horny 
plate termed the ‘ nail.’ 

In the hoofed quadrupeds the ridged or laminate vascular derm 
or dermo-perioste extends over the fore and lateral parts of the 
last phalanx, and similarly provides it wdth a tl)i(’k hard horny 
wall, in great jiart of which the primitive cells have condensed 
into fibres perpendicular to the plane by which the superincumbent 
weight is transferred to the ground. In the Horse the formative 
lamelhe are shown in fig. 17, at 17 ; the resulting hoof being 
turned ott* to expose the horny lamelhe, ib. 3, which interlock with 
the vascular lamella;. From the greater part of the derm cover- 
ing the under surface of the foot horny matter arranged as vertical 
fibres is also formed, completing, wdth the denser front and side 
walls, the case called ‘ hoof.’ The fibrous epiderm on the sole of 
the bisulcatc foot of the. Ruminant is very thick, but less dense 
than in the soliped. Further particulars of the structure of the 
Horse’s hoof are given at pp. 39-41. 

In Cornivora the base of the last phalanx forms a ^ nail-bed ’ 
much deeper than in Man, a plate of bone being reflected forward 
like a sheath for the base of the terminal, prominent, and pointed 
part of the phalanx. The dermo-perioste of this bed develops a 
very dense horny sheath covering the claw-core, and reciprocally 
received at its base within the ‘ bed ' or sheath formed by that 
part of the ungual phalanx. For the form of such ‘^claw’ in the 
Felines, and the muscular and elastic structures connected there- 
with, sec pp. 69, 70, and fig. 36. The maximum of claw-dcvclop- 
raent is, however, presented by the Armadillos (vol. ii. figs. 272, 
276), the Sloths (ib. fig. 280), and the Antcaters (ib. fig. 263): in 
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the gigantic extinct members of the order Bruta (^Megatherium^ 
fig. 279, e.g.) the claws and their core or supporting bone 
rivalled the horns of many Ruminants in bulk, 

§ 364. Horns , — The horn of the Rhinoceros consists of a 
uniform compact agglutinate mass of epidermal fibres, the slightly 
concave base of which is attached to the dermo-perioste of as 
slightly elevated a rugous tract of bone : it is medial in position 
and symmetrical in shape. ^ 

The Asiatic continent and the Island of Java have the one- 
horned species called Rhinoceros indicus and Rh, sondaiciis (vol. ii. 
p. 284, fig. 16o): tlie same continent and the Island of Suniati*a 
have the two-horned sj)ecies {IJi, sumatranus): all the known 
kinds of Rhinoceros^ four in number, of Africa arc two-horned : 
in these one liorn is behind the other in the same medial tract of 
the upper part of the skull. ^ The nasal bones support the constant 
or anterior horn : when a second is superadded it is attached to 
the frontals, and is, usually, shorter than the first in Rhinoceros 
OsicelUi considerably shorter ; but in Rh, Ketloa it is almost or 
quite as -long as the first horn, but is straight. The horn or 
horns of the female Rhinoceros arc usually shorter or smaller than 
in the male. In the young one-horned Rhinoceros living, from 
1834 to 1849, at the Zoological Gardens, the new fibres of the 
growing horn were chiefly added to the front and sides, those at 
the back decaying, and by this direction of addition the horn pre- 
served its relative position to the fore part of the growing head. 
This local decay and renovation became less conspicuous after the 
animal had gained its full size; and in the long horns of aged 
individuals the Avhole basal circumference ])resents the same 
smooth and jolished surface, the rece])tion of additional matter 
being then restricted to the comjdeted area of the base. 

Raise and prolong the bone covered by the vascular horn- 
forming tegument, and the next type of horn Avould result. In 
most Ruminants (Oxen, Antelopes, Goats, Sheep) a ])air of j)ro- 
cessos extend fiom the frontal bones, the dermo-perioste of‘ whicfli 
develops a sheath comjmsed of horny fibres: but the siipi)orting 
process is long and conical, and the horn which sheaths it is corre- 
sj)ondingly hollow, whence the Ruminants, so armed, are terimul 
‘ hollow-horned.’ The bone is termed the ‘ core it has usually 
a rugous or grooved exterior: \n Bovld(e and GrzVte the frontal 

* The niisalti of tlic fossill Rhhioceros uiiniifus^ Cuv., show a transverse )niir of small 
and smooth conieal jiroccssos, wliitdi cannot confidently bo inferred to have sustained 
horns ; lijce the Rhinoceros indsmis, I helicvc it to have been hornless. 

Tliere are reports, needing confirmation, of a smjill third horn, as a rare varitdy. 
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sinuses extend therein : in Antilopida the core is solid or but 
slightly excavated at the base. In an Indian species {Antilope 
quadricornis, fig. 491) two pairs of horn-cores are developed from 

490 



Skull of Ox with honi-corc, a, and hofh, h. 


the frontak; the same peculiarity characterised the gigantic 
extinct Antelopes (Bramatherium and Sivatherium yVol. ii. p. 473, 
fig* 322), and they also combined the branched character of the 



horn in the hinder pair, which is 
at present restricted to the single 
pair borne by the Prong-horn An- 
telope (^Antilocapra Americana^ fig. 
492). 


492 



Rkull nf four-horned Antelope. 


Braiiclu^d horns of the rrong-hurn* 


In the true Oxen {Bos) the horn-cores spring from the j)ostcrior 
angles of the frontals, fig. 490 : in the Bisons {Bison) their origin 
v5l. III. s s 
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is a little in advance of these angles (voL ii. fig. 320); in the 
Buffaloes and Bubaline Antelopes the horn-cores rise by broad 
and extended bases, meeting at the mid-line {Buhalus Caffer, 
B. moschatus, B, Gnu) : in Antelopes the origin of the horns are 
more in advance. The shape, size, length and direction of the 
horns vary extremely in the hollow-horn^ Ruminants : in many 
they are transversely ridged or annulate ; but several rings may 
be formed in one year : a periodical activity of growth is notice- 
able in most, as in the Ram and Goat, toward the period of the 
rut. Horns are usually present in both sexes ; but in some genera 
of Antelopes {Tragelaphus, Cervicapra, Cephalophus, e.g.)onlyin 
the male. In Antilocapra the rudimental horns in the female 
are sometimes conspicuous, but are small, short, and simple, as in 
the yearling-buck. 

The Prong-buck acquires its full-sized horns by progressive 
growth of the persistent core and by annual shedding and renewal 
of the extra-vascular sheath. The latter phenomena have been 




Shc’ddliiK and f.)rmat!oii of horny ghoatli of horn, 
Anlilocopra Americana, cexxix". 


witnessed and recorded by two 
trustworthy observers. Mr. 
Bartlett noticed their fall in a 
young male at the Zoological 
Gardens, November 7th, 1865 : 
the shed sheath was 8 in. long, 
and showed an obtuse begin- 
ning of the lower prong of the 
fork, fig. 493, A, c. The 
dermo-perioste of the core docs 
I not lose its vascularity ; the 
shedding of the agglutinated 
fibres of the sheath, like that 


of the ordinary hair, is due to the obliteration of the matrices of 


these fibres and their extrusion from the dermo-perioste ; whicli, 
in the meanwhile, has begun to develope a new coat of fibres, ib. //. 
These, on the shedding of the old mass, appear as an abundant 
covering of long, straight, silky and light-coloured, hairs, ib. f/, 
the growth of w hich mechanically uplifts and pushes off the old 
sheath. The new sheath, 4 inches long when so exposed, grew 
to 6 inches in the course of three weeks, at w'hich time the fibres 


had begun to felt or agglutinate into a compact horn at the sum- 
mit, fig. 493, B, 

Dr. Canfield observed in a young yearling male Prong-buck, 
which he had captive, at Monterey, California, the growth of the 


' ccxxiv". p. 710 . 
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first pair of horns commencing in July (1855), and attaining the 
length of ^ths of an inch and the form of a mammillary knob ; 
the sheath was shed, early in December, leaving the core ^ an 
incli long, and covered by fine silky hairs ; in a week the agglu- 
tination of the summit into compact horn commenced. In Oc- 
tober 1857, the animal being two years and a half old, the horns 
were 9 inches long, and the anterior prong was Indicated by a 
protuberance, as in fig. 493, A, the agglutinate tip of which soon 
became confluent with that of the main stem. The phenomena 
noted between 1855 and 1857 indicated an annual shedding of 
the horn-core.^ It is probable that . such takes place, also, in 
the fully-formed horn and, in the month of November, as a 
rule.^ 

The Giraffe has a pair of small, short, cylindroid unbranched 
horns which consist of bone covered by hairy skin terminated by 
a tuft of coarser hair. The bones are not processes of the skull 
but arc joined, like epiphyses, by ‘ synchondrosis ’ to both frontal 
and parietal bones, the base crossing the coronal suture. They 
are present in both sexes (vol. ii. p. 476, fig. 325) ; and the young 
is born with such horns, being the sole horned mammal that 
enters the world with these weapons.® 

In Deer {CervidcB) the horns consist wholly of bone which 
grows from the frontal, the periosteum and finely haired integu- 
ment, called ‘ velvet,’ co-extending therewith during the period 
of growth ; at the end of which the formative envelope loses its 
vascularity, dries and is stript off, leaving the bone a hard in- 
sensible weapon. After some months’ use, as such, the horns or 
more properly ^ antlers,’ having lost all vascular connection with 
the skull, and standing in relation thereto as dead appendages, 
are undermined by the absorbent process and shed ; whereupon 
the growth of a succeeding pair commences. The shedding of 

* ccxxt". p. 108 . 

’ Thus Dr. Canfield observc.s : — ‘ In the month of December and January I have 
never killed a buck with large horns ; and at that time of the year all the bucks 
appear to bo young ones, because their horns are so small, whereas in the spring and 
summer months almost all the bucks appear to be old ones, for their horns are then 
large and noticeable.’ He also remarks: — * In the summer months the Hue of^lejmar- 
eation is very apparent and abrupt betAveen the horn and the skin from which it grows, 
but that in winter there is no demarcation, the horn being very soft at its base, pass- 
ing insensibly into cutioular tissues, and the horny substance being covered thinly 
wMth hair.’ Ib. p. 108. 

• ccxxvi". p. 25. A broad obtuse eminence formed by thickening of contiguous 
]>ar(s of the two frontals at the part of the fronUil suture, the base of which emiuenee 
is often irregularly excavated or underniined by vessels, has been mistaken fir a third 
hom, articulated to the frontahs. See xcvii'. p. 210 ; and section through this part, 
vol. ii. fig. 826. 
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the antlers coincides with that of the hair, and, with the renewal 
of the same, is annual. 

As a rule the antlers of deer are branched : their base expands 
into a series of dense osseous tubercles (vol. ii. fig. 327, 0) called 
the ‘burr;’ this ridge defends the edge of the frontal skin and 
periosteum, which terminates abruptly beneath it, usually on a 
persistent process or ‘ pedicel : ’ the vessels co-extended. with the 
‘velvet’ during the growth of the antler, check the continuous 
development of the basal ridge, and leave it notched and per- 
forated. The ‘ burr * is not the mechanical cause of the oblitera- 
tion of the vessels. To suppose that the growth of the antler is 
stopped by sudden suppression of its supply of blood — by a sort of 
bony ligature of the arteries — exemplifies a shallow physiology : ^ 
the ebb of blood, like the flow or ‘determination’ to the periodically 
growing part, whether ‘ horn ’ or ‘ testicle,’ is due to deeper con- 
stitutional conditions. As the vessels of the antler gradually 
diminish in size, the ‘ burr ’ encroaches upon their channels ; but 
of these sufl&clent remains in the form of perforations and notches 
to allow blood enough to pass to the ‘ velvet,’ if its entire depri- 
vation of nourishment were not a pre-ordained condition, inde- 
pendent of the ‘ burr.’ 

The stem or body of the antler is termed tlie ‘ beam ’ ; its 
branches are the ‘ tynes,’ its branchlets the ‘ snags ’ : the first or 
lowest branch is the ‘ brow-tyne,’ as projecting from the fore- 
part of the base, forward, fig. 494, ?n ; the second is the ‘ beze ’ 
or ‘ bez-tyne,’ ib. n ; the third is the ‘ royal,’ ib. o ; the upper 
ones, which are more or less clustered on an expansion or ‘ crown ’ 

of the beam, are the ‘ sur- 
royals,’ ib. p. When a 
branch is sent off from 
the hind part of the beam, 
as in Megaceros^ it is a 
‘ back-tyne : ’ this is long 
and subpalmate in the 
Chinese C. davidianus? 

In the Red-deer ( CVr- 
viis elaphus), as in all 
other species, the first 
pair of antlers which the 
young male developes in the spring of the year after his birth, 
consist of beam only, fig. 494, a\ they are called ^dags,’ and 
the animal carrying them is a ‘ brocket : ’ the next year’s pair 
* xcvi'. p. 518. * xvii'. p. 456. » ccxl", p. 27, pi. 4. 
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(levclopc the ^ brow-tyne/ A, and characterise the ^ spayad,’ 
but occasionally a ^ royal ’ also appears, as at c : the bez-tyne, 
a ^ royal ’ and short ^ sur-royal,’ characterise the antlers, ib. d, of 
the ^ staggard ’ or male of the fourth year : in the fifth year 
the antlers assume the type t)f and the animal is a ^stag.’ 
They go on increasing in size, length of tynes, and number of 
those diverging from the expanded crown, ib.^^ /?, until the male 
becomes a ^ great Hart ’, and may be ^ summed of from 1 0 to 
16 points.’ Rarely, however does a Red-deer of the restricted 
‘ forests ’ of Britain or France, now become a ^ Cerf de dix cours.’^ 
But, with a range affording choice of favourite food, and under 
other conditions of constitutional vigour, among which may be 
reckoned the absence of that irritation of nerves caused by the 
dread and persecution of man, the bony sexual appendages of the 
skull have attained grand proportions. The largest which I have 
personally examined are of st Red-deer, killed some centuries ago 
in Wallachia. The length of each antler from burr to extreme 
tip, following the curve of the beam is 5 feet 8 inches : the 
crown divides into four primary tynes, the subdivisions or snags 
of which, included with the ordinary tynes, give a total of up- 
wards of 20 points : the weight of the pair is 74 lbs. avoird. These 
antlers are now in the possession of Earl Powerscourt, by whom 


I have been favoured with the opportunity of inspecting them. 

In the Fallow-deer the yearling fawn ^piits up’ a conical. 


commonly^ slender dag, fig. 
495, a ; so long as it is car- 
ried the animal is a ^pricket’ : 
the antler of the following 
year is longer, and sends off 
two tynes, ib. 5 ; such antlers 
characterise the ‘ sorel ’ : the 
third pair, increasing in size, 
show, in addition to the two 
anterior tynes, an expan- 
sion of the beam with two or 
more short snags, ib. c ; they 
characterise the ‘ sore ’ or 
buck of the fourth year: in 



the fifth the antlers assume the form characteristic of the species, 


ib. d; and the animal is a ‘ buck of the fir^t head.’ In the seventh 


year the antlers have acquired their full size and their best 


* The foregoing terms, with those applied to the Fallow’-docr, belong to * Venery,* 
or the Art of the Chase, 
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condition, in regard to length and sharpness of snags, for weapons 
of coihbat ; the buck is now ^ full-headed.’ After the seventh 
year the antlers are thicker, heavier, more obtuse, becoming 
shorter in the beam, and especially in the branches. The 
antlers of the Fallow-deer are shed in May ; their growth is 
complete in August ; they are ^ burnished,’ of the formative cover- 
ing is stripped or nibbed off, early in September ; ,prior to this 
they are said to bc'^ in velvet’, the fine hairs clothing the tempo- 
rary skin resembling the pile of velvet.. In the Eed-decr these 
annual phenomena occur about a month earlier. Soon after 
burnishing, tlie combative instincts of the males arise ; and, when 
the SAvelling of the throat and the ^ belling ’ challenge announce 
the ^ rut,’ the combats ensue a V ontrance : thereupon the coin- 
cidence of the perfection of the antlers with the acquisition of 
maturity of strength and wind, enabling the male to wield them 
in the most efficient manner, gives Kim the command of the field, 
and he drives off every younger and less favoured antagonist 
from his chosen seraglio of hinds or does. The antlers of an 
older buck or stag, though more massive, are more obtuse ; the 
addition to the bulk of the body is then due to other matters than 
working muscle, and the animal is sooner ^ out of wind.’ Con- 
sequently the male that has been the victor of one year is con- 
quered by the younger one, now in his prime, who ventured 
into combat with him and was beaten the previous year. Thus 
is provision made for the propagation of the race by the best and 
strongest. It may further be remarked, that the fawns arc 
^ dropped ’ at a time when the paternal antlers are shed ; and the 
males, which are vicious, are thus deprived of the power of in- 
juring the young during their more tender period of life. 

The Eein-deer ( Cervus tarandus) is one of the very few Cer- 
vidcB in which antlers arc developed by the female: they are 
shed and renewed as in the male, but are much smaller. In the 
male they are remarkable for the length and forward curvature 
of the beam, and for the length and broad terminal snagged ex- 
panse of the tynes, especially of the brow-tynes, which also con- 
verge with occasional decussation of snags \ whence Caesaf was 
led to describe the Rein-deer haunting Germany and the South of 
France, in his day, as having^ a third horn growing out of the 
middle of the forehead. ‘ The opposite extreme is seen in C. da-- 
vidianusy in which the brow-tynes are wanting. In the Elk (A/ces) 
they are represented by the lower tynes of the generally expanded 
antler. Species of deer of small size, e.g. the Roe ( C. capreolns) 

* CCXT,Il". 
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and the South American C. rufus^ C, aimpUctcornis^ have antlers 
more or less in the condition of ^ dags ’ at all ages. 

If a Fallow-buck, with antlers, be castrated, they are shed 
earlier than usual, and by a more active absorbent process, which 
leaves an irregular concavity at’the base : the antlers that are sub- 
sequently developed are small, seldom branched, retain the * vel- 
vet ’ longer than usual, and become thickened by irregular tuber- 
culate masses of bone. If a young buck bo castrated before it 
has ^ put up ’ antlers, it does, afterwards, in some instances, 
develope them, but of reduced size and abnormal shape, retaining 
them, with their formative covering, longer than usual. Occa- 
sionally, though rarely, they are sh^d and renewed : but such 
shed antlers of a ^ heavier ’ or castrate deer are characterised by 
the excavation of their base.‘ The normally shed antlers of per- 
fect males have the base flat or convex, and almost smooth. A 
rare* instance of the sexual relation of antlers, the coincidence, viz. 
of a small one with a diseased ovary of the same size, in a fallow- 
doe, has been recorded.® 

In most deer the antlers are supported on permanent processes, 
or ^ pedicels,’ varying in length in different species, and attaining 
their greatest in the Muntjac {Cervus Munfjac, vol. ii. p. 478, 
fig. 328), which thus seems to shed only half its hornsl The per- 
sistent integument of such pedicels is always defended by the 
burr (ib. b)y below which the absorbent process takes place at 
the shedding period. 

Thus Deer are the only Ungulates that annually shed their 
horns : the Prong-buck is the only known hollow-horned Rumi- 
nant that annually sheds the extravascular part of the horn, called 
the ^sheath.’ The horns of Ungulates may be summarised as con- 
sisting either of horn only {Rhinoceros), of bone only {Cervus), 
of horn and bone {Bos), or of skin and bone ( Camelopardalis). 

* Ri'cli’s dictum : — ‘ Si cervus juvonis castretur, nondum emissis cornubus, cornua 
niiiiqiiani eniittifc: si castretur jam emissis cornubus, corfiia nunqunm mutat; sed 
quje dum castratur habet, castratus semper retinet’ (ccxxvii". p. 162) : — is a<loptcd by 
Uuffon ; — * Si Ton fait cette operation dans le temps qu’il a mis bas sa tete, il ne s’en 
f<n’mo pas uno nouvelle ; ct si on nc la fait au contraire quo dans le temps qu’il a refait 
sa lete, cllo no tombe plus ; I’animal, on un mot, rcste pour toute sa vie dans I’etat oi\ 
il (f^tait lorsqu’il a subi la castration,’ exxn'. tom. vi. p. 81. 

The experiments (XLiv. pp. 690, 591), which Sir Philip de M. Grey Egerton, Bart., 
was so kind as to have made, at my suggestion, on Fallow-deer, in OuUon Park, 
yielded in the main the results given in the text. It is desirable that similar experi- 
ments should be repeated in the Red -deer. Two males of Rein-deer, said to be cas- 
trates, at the Zoological Gai’deiis, and which have never shown sign of rut, hare shed 
and reproduce<l antlers of normal form, and nearly full sife during tliree consecutive 
years. 

* rcxuii", p. 366. 
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CHAPTER XXXVL 

PECULIAR GLANDS OF MAMMALIA. 

Most species of the Mammalian class have their peculiar odour, 
whereby, mainly, the individuals of such recognise each other ; 
and, in the gregarious kinds, a stray one may be guided to the 
herd by scenting the secretion which has been left upon their 
track. Such odours are commonly due to follicles or glands 
opening upon some parts of the skin ; but there are, likewise, 
glands subserving other uses, peculiar to certain species. 

§ 365. Opening upon the head , — In many Ruminants and some 
hogs, a depression or inverted fold of skin, near and usually 
anterior to or below the orbit, is perforated by the ducts of nu- 
merous more or less developed sebaceous follicles, discharging 
their secretion into the cavity. As this is often placed so as to 
receive an overflow of the lacrymal secretion, and as a corre- 
sponding depression is usually present in the large facial plate of 
the lacrymal bone, it has been termed by French naturalists 
^ larmier : ’ by English writers, the tegumentary sac, with its 
glands and muscles, is called ^ suborbital pit or sinus.’ In the 
Indian Antelope {Antilopc cervicapra), it is large and deep : a few 
short hairs project between the glandular orifices at the bottom 
of the sac : its circumference is entire and provided with radiating 
and circular strata of muscular fibres on the surface next the 
depression of bone in which it lies : by these muscles the tegu- 
mentary pit can be expanded, contracted, protruded, and partially 
everted, whereby the glandular surface may be brought into con- 
4;act with and rubbed against foreign bodies : the follicles are mul- 
tilocular and numerous in this ^ecies. The odour of the secretion, 
inclining to musky, may be recognised by a stray individual of a 
herd, or by the doe, which might thereby be guided to her mate. 
The gland seems most nearly to relate to the sexual function : it 
is usually larger in the male than the female, and its development 
is flecked by castration. It is present, but small, in most goats 
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and sheep ; also in many deer,* in which it appears as a simple 
fissure continued from near the lacrymal angle of the eye. A 
similar pit occurs in a more advanced position in some antelopes ; 
such ^ maxillary pits ’ sometimes co-exist with the suborbital ones, 
sometimes replace them. A third position of the cutaneous 
gland-pit is more rare, viz. behind the base of the ear, as in the 
Chamois {Antilopc rupicaprd). With a view to test the relation 
of these organs to the habitats, and gregarious or solitary habits 
of the Antilop id<By I drew up the subjoined table — 


Suliorbital 
and maxil- 
lary pits. 
Suborbital pits 

large. 


small. 


Suborbital pits. 


Suborbital pits, 


Maxillary pits. 




Antilope Sumairensis. ^Hab. hilly forests; habits of the Goat, 
quadriscopa. Senegal. 

ccrvicapra. Open plains of India ; gregarious. 
melanipus. Open plains of Caffraria ; flocks of six op- 
eight. 

picta. Dense forests of India ; small luTds. 
scoparia. Open plains of S. Africa ; subgregarious. 
tragulus. Stony plains and valleys of S. Africa; in 
pairs. 

melanotis. Plains, hides in underwood ; in pairs. 
Dorcas. Borders of the desert ; gregarious. 

Kevella, Stony plains, Senegal ; gregarious. 
siihgntturosa. Plains, Central Asia ; gregarious. 
Denneitii. Rocky hills of Deccan ; not gregarious. 
Arahka. Stony hills of Arabia ; sub-gregariouS. 
Soemmerringii. Hills in Abyssinia ; not gregarious. 
Kuchire. Dry plains of S. Africa ; gregarious. 
pygarga. Plains S. Africa ; gregarious. 

Mhorr. Deserts of Morocco. 
ruficollis. Deserts of Nuhia ; gregarious. 

Antilope coins. Vicinity of lakes ; gregarious, migratory. 

gutturosa. Arid deserts, Asia; periodiciilly grega- 
rious. 

[ Antilope Saltiana, Mountainous districts, Abyssinia ; in pairs. 

Oreotragus. Mountains of the Cape ; sub-gregarious. 
Thar, Hills of Nepaul ; not gregarious. 

Gazella, Senegal. 

Antilope Babalus, Mountains and deserts, Tripoli ; gregarious. 
Caama, Plains of S. Africa ; gregarious. 
lunatd, S. Africa ; gregarious. 

Gnu, Karroos of S. Africa ; gregarious. 
taurina and Gorgon, S. Africa ; gregarious. 

f Antilope sUvicidtrix, Thickets and underwood, Africa ; ? 

mergens. Forests and underwood, S. Africa ; in pairs." 
Grinimm, Gtlinea. 

BurckcHii ; S. Africa, in pairs. 
perspisilla. Bushes, S. Africa; in pairs. 

Maxwellii, Ib. ib. 

pygmaa. 


XX. vol. iii. p. 272, no, 2101 {Cervm iarandus). 


2 ccxxxiu". p. 37. 
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No suborbital, 
or maxillary 
pits. 


Post auditory 
pits. 

No suborbital, 
or maxillary 
pits. 


. ! 

yi 

! 


a / 




Antilope Steepsicfros. AVoods and banks of rivers, Caifrariu ; 
subgrcgarious. 

si,Irafica, AVoixls, Catfraria ; in pairs. 

.Koripfa. 

Koha. Senegal. 

Kofj. Senegal. 

Kfcotragns. Reedy banks, Cape ; subgregarious. 
nthtnco. Goree. 

capnolua. Underwood, S. Africa ; subgregarious. 
LanfUcma. Underwood, S. Africa ; subgregarious. 
Antilope liupicapra. Mountains, Europe ; subgregarious. 

Antilope Addax. Deserts, N. Africa ; in pairs. 

lencoryx. Acacia groves, N. Africa ; gregarious. 

Oryx. Woods and plains, S. Africa ; subgregarious. 
Irnrophfpa. Open plains, S. Africa; subgregarious. 
barheda. Open plains, 8. Africa; in pairs. 
equina. Plains, S. Africa ; gregarious. 
elypsiprynmus. S. Africa. 

Oreas. Open plains, 8. Africa ; gregarious. 

Canna. Desert, Cape ; gregarious. 

Goral. Elevated plains, Ilimmalay ; gregarious. 


From the foregoing summary it may be inferred that the 
scented secretion of the suborbital ^nus serves rather to attract 
or guide the female, than a stray individual of a herd. In the 
African Water-hogs a naso-maxillary pit opens between the eye 
and snout,, rather nearer the eye. 

In the Elephant a large gland of a flattened form and multi- 
lobate structure, lies beneath the skin of the face, in the temporal 
region : the secretion exudes from a small orifice, situated about 
half way between the eye and ear. The gland enlarges, in the 
male, at the rutting season, and the secretion then has a strong 
musky odour. 

§ 366. Opening u]wn the trunk, — In certain tropical bats 
(^Cheiromeles torquatus^ Cheir, caudotus, e.g.) a glandular Sfic 
exudes upon the forepart of the breast, near the axilla, a brownish 
sebaceous secretion of a penetrating submusky odour. 

In many Shrews two longitudinal series or groups of glandular 
tubes, open upon the flanks, at a part surrounded by short hairs ; 
the tubes are tortuous and closely conglomerated at their blind 
ends, but become straighter near their termination. The peculiar 
odour, more or les^ musky, of tSoricidee, is due to the secretion of 
these glands, and makes the shrew-mouse unacceptable as^food to 
the cat that may have killed it. 

In the Peccari, a large gland, fig. 496, consisting of many 
lobes, exudes its secretion by an orifice, ib. b, on the midline 
toward the hinder part of the back. The resemblance of this 
orifice to the navel on the opposite part of the trunk suggested 
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to Lliineus the term Dicotyles^ for this genus of S. American 
porcine 'animals. ^ 

In many Antelopes there are situated in the groin, external to 
the nipples in the females, glandvilar depressions of the skin, or 
pouches, sometimes of 
large size, as in Anti- 
lope cor Inna ^ e.g., in 

which the secretion is 
yellow, like cerumen.* 

The presence or ab- 
sence of the groin-pits 
in the different species 
of Antelopes is noticed 
in the table, p. 633. 

The most notable de- 

_ Dorsal scciit-gland, Peccari ; one-third nat. size. 

velopment of scent- 

glands and bags, fit the groin, are those which open into the 
prepuce of the small Ruminant, called on account of the odour of 
the secretion ^ Musk-deer ’ (^Moschus rnoschiferus). The fully 
developed gland at the fundus of the sac may be tliree inches in 
diameter and one inch at its thickest part ; the moist secretion 
accumulates in the cavity 
of the tegumentary pouch, 
and constitutes, when dried, 
the costly medicament or 
perfume, ^ musk.’ 

The analogous carmina- 
tive or antispasmodic sub- 
stance ^ castoreum ’ is the 
secretion of glands, fig. 497, 
exuding into the preputial 
and ano-preputial passage of 
the beaver. They present 
the appearance of two large 
masses, with a common mus- 
cular investment on each side 
the dorsal tract, which is un- 
usuall}^ prolonged beyond 
the pelvis for their accommo- 
dation in that rodent. On re- 

... , , Prcinitlal .iiid gl«nds of the Bcftver. 

moving the muscular layer, 

each mass has its capsule : on dissecting this away, the upper ^ass 
* ccxxxvT. vol. ii. p. 146. 
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is seen to be a large pyriform bag, -fig. 497, ]h with a corru- 
gated glandular lining membrane, r; the pair terminates by a 
common orifice, y, in the ano-preputial passage, y, c, n\ the 
other mass may be separated into three rather compact glands, 
o, /, h, with short ducts, ending by a common orifice, e, e, on 
the same passage, nearer the anus, a. The secretion of these 
latter glands is yellow, viscid, and musky; that of the upper 
bags, p, r, is greyish-coloured and more offensive: both secretions 
appear to be mixed in the dried ‘ castoreum ’ of commerce, of 
which that from the Castor fiber of Europe and Asia has a higher 
value than the ^ New England castor,’ obtained from the American 
beaver. 

Homologues of the glands, o. A, of smaller size and simpler 
structure exist in many Rodents, and are reckoned as ^ anal : ’ 
they are shown in the Agouti, at r, 5 , fig. 506; in the water-vole, 
at fig. 510; in the male hare, at A, Z, fig. 505; and in the female 
hare at < 7 , fig. 539. In Lepus the follicles open into a deep glan- 
dular fossa occupying the interspace between the rectum and 
prepuce, on each side. Hunter, after noting in a male Ilelamys 
capensis the position of the vent ^ about two inches from the tail,’ 
proceeds to state : — ^ About half-an-inch farther between the legs 
is another opening, similar to the anus, passing in the same direc- 
tion between the two crura of the os pubis, and leading to, or ter- 
minating in, two blind ends, between the rectum and the bulbous 
part of the urethra. These two ends are glandular, or secrete a 
whitish mucus ; they are lined with a cuticle, are white and silky, 
having a good deal of short white hair.’ * On each side of the ter- 
mination of the rectum in the cloaca of the Ornithorhyjichus there 
is an oblong glandular prominence, about four lines in length and 
two in breadth, on which there are about ten orifices of follicles 
which secrete a scented sebaceous matter. ^In all Marsupials two 
similar cavities with sebaceous follicles open into, or near to the 
termination of the rectum. The short vestibular or cloacal pas- 
sage in the two-toed Sloth shows many orifices of such follicles. 
A pair of small anal bags exude their secretion near the verge of 
the anus in the Armadillos, 

The anal gland-bags are most constant and best developed, as 
a rule, in the Carnivorous order : they are each providejJ with a 
muscular capsule, fig. 498, a, and present a smooth surface when 
this is removed, as at A : they are, also, commonly smooth within, 
and lined by a dense epithelium : the glandular stratum is some- 


* ccxxxvi. Tol. ii. p. 239. 
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times limited in extent, and usually thickest toward the orifice of 
the bag which is just within the verge of the vent. The glan- 
dular stratum is thick and continuous in the Otters and Skunks, 
and in the latter, at least at certain seasons, secretes the in- 
tolerable, penetrating and long-enduring odour for which these 
quadrupeds are proverbial, 
and from which they derive 
some means of defence 
against foes : the orifice 
from which the secretion 
is ejected is situated on 
a mammillary prominence 
(^Mephitis^ Mydaus), 

In the Hyaena the anal 
glands are thickest and 
largest ; they are two in 
number on each side and 
open into a wide transverse 
depression or sinus ex-, 
tending across and above 
the anus.-^ In the Civets 
( Viverra civetta, V, (jenetta) the two lateral gland-bags in- 
terconimunicate sooner, before forming the common canal opening 
into the transverse sinus ; which, moreover, crosses between the 
vent and prepuce in the male, and between the vent and vulva in 
the female. The modified musky odour of the secretion has made 
it sought for and vendible, under the name of ‘ eivet.’ In the 
Suricate and Ichneumon a glandular glossa surrounds the anus. 

In Chiromys and some other LernuridcBy the anal glands are 
reduced to two shallow cutaneous pits at the sides and upper part 
of the vent : in higher Quadrumana this trace disappears. 

§ 367. Openiny on the tail, — In certain large Shrews {3Iyogalea^ 
Macroscelides) the under part of the base of the tail is tumid, 
through the development of glandular follicles : these open there 
in a double row in the species which, from the odour of their 
secretion, is termed Myogalea moschata. 

The caudal scent-gland in the Fox is elliptical, about aminch 
in length ; it is minutely lobulate ; each lobule consisting of 
clusters of sj)herical follicles terminating by a short duct; the 
orifices of these ducts are on a linear tract, indicated by hairs of a 
different colour from the rest.^ 

* XX. Yol. iv. p. 183, No. 2803. * Ib. p. 181, Nos. 2797» 270-8. 

* ccxxxii''. p. 309, tab. vin. 
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§ 368. Opening on the limbs . — In certain Bats (Emballonura^ 
e. g.) a glandular cutaneous sac, exuding a reddish mal-odorous 
secretion, opens upon the anterior border of the wing, near the 
head of the hiunerus. In Saccopteryx (at least in the male) a 
larger sac, with a plicate internal surface situated on the under 
part of the wing, near the ulna, opens by a fissure on. the upper 
surface of the limb. 

In the onc-horncd Rhinoceros (J?//. indicus^ and probably in 
other species) there is a glandular orifice at the back part of each 
foot, situated about three inches above the callous sole : it is con- 
cealed in the middle of the transverse fold that runs parallel to 
the interspace between the carpus and metacarpus, and between 
the tarsus and metatarsus. The gland is of a compressed ovate 
figure, measuring one inch and a half in length, and one inch in 
breadth : it is hollow, with parietes from two to three lines in 
thickness, consisting of a compact congeries of follicles, sur- 
rounded externally by a muscular and 
tendinous capsule. The external orifice 
may be expanded to a width of eight 
lines. ' 

In most bisulcate Ungulates a similar 
gland exudes its lubricating sebaceous 
secretion from an orifice at the upper 
and fore part of the cleft between the 
principal hoofs. In the sheep, fig. 499, 
the gland is elongate and bent forward 
at an acute angle upon its duet, (indi- 
cated by the bristle in the figure and 
preparation). These post-digital and 
interdigital glands, in ungulate quadru- 
peds, seem to ‘relate to lubricating or greasing the hoofs. 

The most remarkable of tlie ‘ peculiar glands ’ in the Mamma- 
lian class, and one that relates most closely to sex, is that which 
in the mature male Monotremes sends its duct to terminate in 
the hollow spur projecting from the heel. The character is not 
manifested in the young animal. A small spur concealed in a 
cavity or socket of the integument covering the heel, the bottom 
of which closely adheres to the accessory tarsal ossicle, exists in 
the immature of both sexes.^ As the young animal advances to 
maturity the cutaheous socket increases in width and depth in the 
female, but without any corresponding growth of the rudimentary 

* v", p. 34, pi. ix. %s. 1 and 2. * xx. vol. iii. No. 2102 ». 

® A niagnilicd virw of thoparf in the young male in givtni in taxviii'. pi. 32, 1 & o. 
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Spur, of winch in aged females no trace, remains. In the male Or- 
nithorhynchus the tarsal spur soon begins to rise above the socket, 
and finally attains a length of ten lines with a basal breadth of five 
lines, apparently everting the tegumentary socket in the progress 
of its growth. The spur, fig# 500, <?, consists 500 

of a firm semitransparent horn-like sub- 
stance ; it is conical, slightly bent, and ter- 
minated by a sharp point; its base is ex- 
panded, and notched at the margin for the 
implantation of the ligaments which connect 
the sjjur with the accessory flat tarsal bone 
(vol. ii. fig. 199 A, d.) The base of the 
spur is covered by a thin vascular integu- 
ment. The spur is traversed by a canal 
which commences at the centre of the base 
and teriiiinates by a fine longitudinal slit, 
about one line distant from the point, closely 
resembling in this respect the canal that tra- 
verses the poison-fang of the venomous snake. 

Like that weapon the spur of the male Mo- 
notrcnie is subservient to the transmission 
into the wound it may inflict of the secretion 
of a peculiar gland. 

This gland, fig. 500, «, is situated at the 
back part of the thigh, between the femur and 
the long olccranoid process from the head of 
the fibula, covered by the integument and 
the cutaneous muscle. It is triangular, con- cmrai mand and r^Dur, male 

. . 1^11 OrnUhorliyncbuB. nxxxi'. 

vex above, concave below, or toward the leg, 
from twelve to fourteen lines in length, seven or eight lines broad, 
and three or four lines thick, with a smooth exterioV, invested by 
a thin capsule, on the removal of which the gland may be divided 
into a number 0 # small lobes. Its intimate structure, as displayed 
by a successful injection of mercury, is minutely cellular; the 
excretory duct is continued from the concave side of the gland, 
and small clusters of vesicles are developed from parts of its 
expanded commencement. The duct, which is about a line in 
width and with pretty strong tunics, descends straight down the 
back of the leg, covered by the flexor muscles, to the posterior 
part of the tarsus, where it suddenly expands iifto a vesicle, ib. 5, 
applied to the base of the spur, and a minute duct, ib. c, is con- 
tinued from it into the canal which traverses the spur. 

The tarsal perforated spur and its glandular apparatus arc both 
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telatiYely smaller in the male E^iidua than in the Ornithorhyn- 
ehns. ^he gland is situated lower down, in tlie popliteal region, 
between the insertions of the deep-seated fasciculi of the adductor 
femoris and the origins of the gastrocnemius ; it is of subspherical 
form, about the size of a pea, with a smooth exterior ; the excre- 
tory duct, A^ide at the commencement, soon contracts into a fila- 
mentary canal, which again enlarges to form a small reservoir for 
the secretion just above the base of the spur. The duct is 
accompanied and partly covered by the posterior tibial nerve. 

The spur is a round, curved, sharp-pointed cone, traversed by 
a canal, continued from the. reservoir, and opening on the convex 
side of the spur a little way below the pointed extremity. 

The true nature and use of this apparatus has not yet been 
determined. Its close analogy with the poison-apparatus in other 
animals suggests a corresponding function ; but no well authenti- 
cated case of symptoms of poisoning consequent upon a wound 
inflicted by the spur has been recorded : it seems on the contrary 
that the Ornithorhynchus possesses not the instinct of availing 
itself, 'when attacked or annoyed, of a weapon so formidable as, 
upon this theory, the sjour must be.^ 


ccxxxiv". p. 236. 
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CHAPTER XXXVIL 

GENERATIVE ORGANS OF MAM3IALIA. 

Outward characters of sex are least marked in Lisse^icephala. 
To distinguish the male from the female Mole, Shrew, Hedgehog, 
Sloth, Rodent, requires close scrutiny, if not dissection. The 
male Monotreme is known by his heel-spur ; the female Marsu- 
pial by her pouch and by her smaller (in Kangaroos much smaller) 
size. Among Cetacea the tusk distinguishes the male Narwhal, 
and^tlie larger head the male Cachalot: in Seals the canines are 
usually larger in the male. External parts of generation arc 
conspicuous in other GyrciicephaJa. Besides these, most Rumi- 
nants have sexual characters in the horns, either by their presence 
or greater size ; the Stallion and Boar have the tusks : these by 
their greater length distinguish the male Elephant, especially the 
Indian kind. In the Caruioora the male is the strongest: the 
Lion is dignified by his grand mane. The larger canines, with 
greater general size, mark the male sex in most Quadrunuma up 
to and ineJuding the (jorilla. Besides some differences in size 
and proportions of body, developments of hair arc the outward 
marks of sex in lUvia7ia, 

A. 3IALE ORGANS. 

In the Mammalian class the testes attain their most compact 
form, with most definiteness anf! finish of parts, in unravelling 
which anatomy has surpassed itself, chiefly upon the glands as 
they exist in Man, from which type of testicular structure there 
is no essential departure in the lower orders. The peritoneum 
adds a serous layer to the proper sclerous covering of the gland : 
and when this passes, as in the majority of Mammals, out of the 
abdomen, it pushes before it another portion of peritoneum, which 
becomes reflected after the manner of serous membranes, to form 
the ‘ tunica vaginalis testis.’ This, however, is an accidental 
adjunct, dependent upon the ^ descent of the testis.’ The con- 
stant and proper covering, ^ tunica albuginea,’ consists chiefly of 
the white sclerous tissue : the spermatic vessels ramify therein, 
especially the veins, so locally as to facilitate the separation of the 
tunic into an outer dense protective layer, and an inner laxer 
layer, the seat of the minuter subdivisions of the arteries proceed- 
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ing tO| and of the venules returning from, the essential parts of 
the gland. Processes of the inner layer, resolving into areolar 
tissue, convey the vessels into the gland-substance, and partition 
that substance into lobes : a denser layer is continued from the 
line of the albugineal tunic perforated by the testicular vessels, 
and i)rojccts some way into the gland : it is called ^ corpus Iligh- 
niori,’ or ^ mediastinum testis,’ and varies in longitudinal extent, 
and depth of 2 X)sitioii, in different Mammals : in Man it is limited 

to the tract, fig, 501, />, 
along which the reticu- 
late ducts emerge or be- 
come ^ efferent.’ The 
cavities in which, the 
sperm-cells arc deve- 
loped, fig. 514, have the 
form of tubes, of a dia- 
meter of from to 
of an inch, minutely and 
extensively convoluted: 
from two to five of such 
tubes, averaging two feet 
in length in the human 
testis, are packed into a 
long pyramidal lobule, 
invested by a process of 
the inner albugineal tu- 
nic : and the sum of these 
lobules or packets of sc- 

Wlandtilar strnctnro of nnijian topfis, as shDWji by miniferous tubules forms 

injection, nat. size. ccL.xtt^ ghxndular part of the 

testis, fig. 501, fl. The reticulate intercommunication mani- 
fested in the wider spermogenous tracts of the milt of fish (vol. 
i. p. 569, fig. 379), prevails in the more finished and thick- 
coated seminal tubules of Mammals: and, where.. such become 
free, they have blind ends. From the lobules the tubules con- 
verge, anastomosing, but with straighter course, to the media- 
stinum, and there form the plexus called ^ rete testis,’ ib. h. From 
this the ^ vasa efferentia,’ ib. c, c, emerge, and enter the upper 
end of the appended body called ^ epididymis,’ ib. d, g. Here the 
convoluted disposition of the tubule is resumed, and from ten to 
twenty groups, called ^coni vasculosi,’ resembling, save in the 
greater width ip^d less length of the tubuli, the lobes of the testis, 
combine to form the head or * globus major,’ d, of the epididymis. 
By repeated anastomoses there, a single tube results, the trans- 




versely disposed convolutions of which,/, form the rest of the epi- 
didymis: at its lower part the tube naturally untwists, and increas- 
ing in size, ib. y, t, becomes the spermduct or ^ vas deferens,’ L 
In Man and many lower Mammals another feature of the spermo- 
genous tract is commonly shown in the epididymis by the offset 
and blind termination of one or more tubules, as at A, fig. 501. 

The epididymis varies in relative size and position to the testis 
in different Mammals. In all, the semen is conducted, in coituy 
by a single intromittent organ traversed by a complete canal, 
wdiich may bifurcate at its termination in the loAvest members 
of the class. Accessory secretions are added to the semen at the 
beginning of the urethro-seminal canal, by glands called ^ vesi- 
cular,’ ^ prostatic,’ and ^ Cowperian.’ But these do not coexist in 
every species, and the varieties in regard to their presence and 
development, as well as in the 
structure and muscles of the 
intromittent organ, are the chief 
elements in the comparative an- 
atomy of the Mammalian male 
generative organs. 

§ 369. In Monotremata . — [; 

These are true ^ testiconda :’ each ^ 
testicle, fig. 502, e, e, is situated 
immediately below, or sacrad of, 
the kidney, ib. a, and is sus- 
pended to that gland by a fold 
of ])critoneum ; the same fold is 
continued to the neck of the 
bladder, inclosing the vas de- 
ferens, fig. 308, a, which appears 
to be thick and simple, but 
when injected and dissected, as at 
/, fig. 502, is seen to be slender 
and disposed in a series of close 
transverse folds. In neither 
Ornithorhynchus nor Echidna 
is there any disj)arity of size between the right and left testicle. 
The vas deferens emerges from the upper and inner part of 
the testis <?; and, from the peculiar extent of its transversely 
folded disposition, seems to prolong the epididymis nearly to the 
neck of the bladder ; the folds gradually diminish, and the duct 
itself enlarges, as it approaches its papillary termination, which is in 
the beginning of the urogenital canal, This canal is continued 
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through the pelvis and terminates in the vestibular passage, anterior 
to the orifice of the rectum, q. The vascular tissue of the penis 
commences at the termination of the urogenital canal ; it is sepa- 
rated by a median se])tiim into two lateral moieties, and both are 
inclosed by a common dense fibrous sheath. The whole j)enis in 
its col]a2)sed and retracted state is about fifteen lines in length in 
Echidna^ and is concealed in a large jwcjDutial slieath. The ter- 
minal half of the penis is formed by the glans, which, in Orni- 
thorhynchus^ presents a quadrilateral form, /, and is traversed by a 
median longitudinal furrow u})on both tlie upj^er and the under 
surface. Its exterior is beset with numerous short and hard 
epidermal spines : its extremity is bifurcate, and each lobe is 
directed outward, and terminates in three or four sj)ines, ib. /e, 
much larger, but softer, tlian the rest, and which are usually re- 
tracted in a dei)ressioii. A longitudinal azygos ^ levator ’ muscle 
runs along the upper surface of the penis ; it arises by two lateral 
slijisfrom the internal stratum, ib. of the 2)rotriisivc sphincter, c. 
Another longitudinal, but longer and more slender muscle, the 
^ retractor penis,’ ib. /;, arises Iroin the base of the coccyx, and is 
inserted into the origin of the penis near the termination of the 
urogenital canal. The urethral canal of the penis begins by a 
small orifice at its root, communicating with the termination of 
the urogenital passage, and by the combined action of the last de- 
scribed muscle with the ^ s})hincter cloacae ’ it can be brought into 
contact with the terminal ])apilhe of the sj)ermdu(its. Such tempo- 
rary continuation of the urethral and seminal passages takes place 
during the vigorous muscular and vascular actions of the 2)arts in 
ctntUf the semen being then propelled from the one along the other 
without escaping into the cloaca. Under ordinary circumstances, 
as when the urine is transmitted along the urogenital ])assage, thiit 
fluid esca])cs into the vestibule, and may there be blended, as in the 
Bird, with the rectal excrement. The seminal urethra, commenc- 
ing by the distinct a{)erturc above described, is about a line in 
diameter, and continues single to the middle of the glans, where it 
divides into two canals; each branch runs along the middle of the 
bifurcation of the glans, and, iv ben arrived at the base of the large 
papillae, subdivides into smaller cliannels corrcisponding with the 
number of the smaller ones, and o2)ening upon their aj)ices. If tlie 
canal of the penis were slit open along its under i)art, find thus 
converted into a groove, the male organs of the Orriitliorbynchiis 
would be like those of a Tortoise ; and although the Mamma- 
lian type of intromittent organ is manifested by the comj)lele- 
ness of the urethral canal, a resemblance to that of Lizards is 
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evinced in its bifurcation, corresponding with that of the glans 
itself. That the existence of a penis is essentially related to the 
sexual organs and not to the renal, is singularly illustrated by 
the complete separation of the uro-urcthral from the semino- 
urethral passages in Monotremata, The modifications by which 
the male organs in the Echidna differ from those of the Orni- 
thorhynchus, are confined to the glans penis, which divides into 
four inarnmilloid processes, roughened by minute papilla), and 
terminated by a depression in which is the branch of the seminal 
canal that traverses each process. Cowper’s glands, fig. 3, k, ky 
and fig. 502, are of large relative size; they arc situated between 
the base of the penis, the arch of the ischium, and internal part 
of the thigh : their secretion is carried by a long and slender 
duct, ib. my into the seminal urethra. The physiological relation 
of these glands to such a canal is clearly illustrated by their 
presence in the Monotreincs, and by their absence in the oviparous 
animals which have merely a seminal groove. There are neither 
j)rostatic nor vesicular glands. It is j)rol)ablc that the simrs, in 
the male Monotreme, fig. 500, c, may relate to the sexual act, as 
holders or stimulators. 

§ 370. Tn 3Iarsiipialia , — In \\\q^q Ly encephala the testes, which 
arc still abdominal at the time of birth, descend, soon after the fietus 
is transferred to the pouch, into the external pedunculate pre- 
penial scrotum ; the canal of communication between the abdo- 
minal cavity and the tunica vaginalis is long and narrow, but 
always remains pervious. The tubuli testis are relatively 
smaller than in Monotrernes, but the corpus IIighinoi*i is near the 
surface and u])per part, not at the centre, of the gland. The 
epididymis is large, and generally loosely attached to the testis. 
The sperimitozoa of the Peramelcs have a single barb at the base 
of the liead, which is sub-elongate and compressed ; in other 
respects, as in size and proportion of the filamentary tail, they 
resemble those of the Rabbit. Xcither in the Kangaroo, Pha- 
langcr, nor Dasyurc do the spermatozoa present a spiral head or 
any noticeable deviation from the characters of the spermatozoa 
in the smaller placental quadrupeds: those of tlie Dasyurc have 
a node at the base of the head. The spcrmduct passes along the 
infundibular muscular sbcatli formed by the cremaster as far as 
the abdominal ring, then bends downward and backwai’d, external 
to the ureter, and terminates, fig. 503, Oy at the commencement 
of the urethra, at the side of a longitudinal verumontaual ridge. 
There are no vesicular glands. 

vVs the part of the urethrjil canal immediately succeeding the 
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termination of the spermducts is the homotype of the vagina 
some modification of this part might be anticipated in the male 



corresponding with the ex- 
traordinary form and deve- 
lopment which characterise 
the vagina in the female; 
accordingly we find that the 
prostatic tract of the ure- 
thra, ib. is proportionally 
longer and wider in the Mar- 
supial than in any other 
Mammal. It swells out im- 
mediately beyond the neck 
of the bladder, and then 
gradually tapers to its junc- 
tion with the spongy part 
of the urethra. Its walls 
are thick, formed by an ex- 
ternal thin stratum of nearly 
transverse muscular fibres, 
and by a thick glandular 
layer, the secretion of which 
exudesby innumerable pores 
upon the lining membrane 
of this part of the urethra. 
In a male Kangaroo I found 
that a glairy mucus followed 
compression of this musculo- 
prostatic tract of the ure- 
thra : the canal itself is but 
slightly dilated. Three pairs 
of Cowperian glands, ib. c, 
c, c, pour their secretion 
into the bulbous part of the 
urethra : the upper or proxi- 
mal pair are not half the 
size of the two other pairs 
in the Kangaroo, but are 


« Malr or(?Hii8. 

A, Hypsiprym'nnfi. jj , PhaticoluTctus. 0. Phascolomya. 


relatively larger in the 
Koala and other Marsu- 


pials: the two lower pairs are situated, one on each side the 
lateral division, <?, of the bulb of the urethra ; their ducts meet 
and join, above this part, with the duct of the smaller gland : each 
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gland is enclosed by a muscular capsule- The penis consists 4)f 
a cavernous and a spongy portion, each of which commences by 
two distinct bodies. The separate origin of each lateral half of 
the sjiongy body constitutes a double bulb of the urethra, ib. e, e, 
and the ^accelerator urinas,’ as it is termed, undergoes a similar 
division into two separate muscles, each of which is appropriated 
to compress its particular bulb. The two bulbous processes of 
the corpus spongiosum soon unite to surround the urethra, but 
ijgain bifurcate to form a double glans penis in the multiparous 
Marsupials, in which most of the ova arc impregnated in both 
ovaria, as e.g. in the Phalangcrs, Perameles, Opossums, &c., b, 
fig. 504. In the uniparous Marsupials, as the Kangaroo, the 
glans penis, fig. 503,/, is single. 

The intermediate structures of the glans between the two ex- 
tremes above instanced are presented by the Ursine Dasyurc, 
Koala, and Wombat. In the Koala, fig. 503, n, the glans penis 
terminates in two semicircular lobes, and the urethra is continued 
by a bifurcated groove along the mesial surfiicc of each lobe. In 
the Wombat, ib. c, there is a similar expansion of the urethra 
into two divergent terminal grooves, but the glans is larger, 
cylindrical, and partially divided into four lobes : the chief pecu- 
liarity in this part of the Wombat is the callous external membrane 
of the glans, and its armature of small recurved, scattered horny 
spines. The small retroverted papillie on the infundibuliform 
I glans of the Koala and on the bifurcate glans of the Plialangers and 
I’etaurists are not horny. In the Perameles lagotis not only is the 
glans l)ifurcatc, but each division is perforated, and the urethral 
canal is divided by a vertical septum for about half an inch before 
it reaches the forked glans : from the septum to the bladder the 
canal is simple, as in other Marsupials. The divisions of the glans 
in the Opossums, fig, 504, 5, and Phalangcrs are simply grooved. 

Tlie corpus cavernosum penis commences by two crura, figs. 
503, 504, (/, dy neither of which have any immediate attachment 
to the pelvis. In the Kangaroo these crura, and the two bulbs of 
the corpus spongiosum, soon unite to form a single cylindrical 
body, the blended cavernous and spongy structures forming the 
parietes of a canal which nearly follows the direction of the axis 
of the penis, and contains or constitutes the urethra : a transverse 
section of the corpus cavernoso-spongiosum thus resembles a ring; 
but the lateral erectile tracts are separated by two vertical septa 
which extend from the central canal, the one to the dorsum penis, 
the other to the inferior wall : in this case there is no definite 
dOmmencement of the glans penis; its termination is that of the 
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corpus cavernbsuni, the urethra, with a corpus spongiosum, pro- 
jecting and opening beneath the apex. In Perameles^ Didelphys, 
PhascolarctuSy and Fhascolomys^ the corpus spongiosum maintains 
its character for a greater extent, and may be more distinctly 
recognised as forming the proper wall of the urethral canal, which 
sooner becomes superficial, and the glans penis is better defined. 
In the Kangaroo and Potoroo, the ^ erectorcs penis,’ fig. 503, d, d^ 
arise by a thin fascia from near the lower part of the symphysis 
])ubis, soon become fleshy, and increase in thickness as they pass 
outward : each muscle then returns upon itself, at an acute bend, 
t6 grasp the crus j)cius, and terminates in a strong tendinous ex- 
pansion at the junction of the cavernous with the bulbous structures. 
The ‘ retractor penis,’ figs. 503, 504, y, //, arises in the Kangaroo 
from the middle of the sacrum, and divides into two muscles, 

behind the rectum, opposite 
the dilated commencement 
of the miisculo-prostatic 
part of the urethra; each 
division diverges to the side 
of the rectum, then passes 
to the interspace between 
the rectum and roots of the 
penis, converging along the 
lateral and |)Osterior part of 
the penis, to be inserted | 
with the opposite muscle at 
the base of the glans. In 
the Opossum and those Mar- 
supials which, having a bi- 
fid glans, enjoy, as it were, 
a double coitus^ there is a 
^ levator penis,’ fig. 504,/,/, 
which is not present in the 
Kangaroo. Each portion of this muscle takes its origin from 
the fascia covering the crus penis, , converges towards its fellow 
above the dorsum penis, diminishing as it converges, and termi- 
nates in a common tendon inserted into the upper part of the base 
of the glans. There is another powerful muscle which, though 
not imnjediately attached to the penis, must exert in all Marsu- 
pials an important influence upon its erection. This is the external 
^ sphincter cloacae : ^ it is an inch and a half in breadth in the 
Kangaroo, and half an inch in thickness ; from the back of the 
te^^mination of the rectum it passes over the anal glands and sidGs 
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of the base of the penis, inclosing the.t^& bulbs with Cowpcr’s 
glands and their muscles, and tei*minates anteriorly in a strong 
fascia above the dorsum penis, so as to compress against that part 
the venae dorsales. In all Marsupials the penis is bent upon itself 
when passive and retracted ; with the glans concealed just within 
the cloacal aperture, from which it emerges, as in oviparous Ver- 
tebrates, when the penis is turgid and erect. 

§ 371. In Kodentia, — Here, likewise, the penis is habitually 
retracted out of view, being strongly bent, in many (e. g. Sciurus, 
Castor) in a sigmoid curve, with the glans directed backward, 
fig. .497, 5 , within a prejmce, which opens into, or forms part 
of, the common passage, ib. c, ^/, in which the rectum, ib. 
terminates. The testes undergo a periodical increase of size 
and change of position, passing from the abdomen into a ses- 
sile scrotum, and being again retracted, after the rut (except, 
perhaps, in Leporidoi) within the abdomen. Besides Cowperian 
there are j)rostatic and vesi- 
cular glands, usually large : 
but, again, the Leporidoi 
show their exceptional cha- 
racter in the Order by the 
absence of the latter. In 
the Hare (^Lepns th nidus) 
the testes make a more con- 
* spicuous prominence than 
in other Rodents, in their 
scrotal bags, one on each side 
the cloacal vent, fif?- 505, a. 

The tunica vaginalis retains 
an opening wide enough for 
the re passage of the t«siis 
into the abdomen, but it 
adheres to the bottom of the 
sac, the serous membrane 
of which is there reflected 
by a fold upon the epididy- 
mis, fig. 505, A, 2 , and be- 
ginning of the vas deferens, ib. 7 ;, q. The testes, /, g^ in this 
figure, have been dissected from the scrotum and tunica vaginalis. 
The epididymis is extended beyond the testis, as at //, /, before 
being reduced and reflected as ^ vas deferens:’ the sperm-ducts 
enlarge at their termination between the urinary, c, and pretome- 
tral, r/, bladders, into the latter of which they open, v(;ry near 
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its Gommunication with the urethra. The protometra,* </, has thin 
walls, except at its terminal neck, where it seems thickened by the 
adhesion of prostatic follicles, opening by distinct ducts into the 
urethra. The Cowperian glands lie at the sides of the muscular 
tract of the urethra, and open into it. The penis is short, consisting 
chiefly of a pyramidal pointed glans ; it is exposed at i, in its 
prepuce, Avhich opens into the subanal fossa, a, into which the 
preputial or ano-preputial glands, /, exude their firm sebaceous 
secretion. The ‘ erectores penis ’ arise from both pubis and 
ischium, and are inserted chiefly into the outer side of the ‘ crura 
corporis caveriiosi ; ’ the ^ levator penis ’ arises from the symj^hysis 
pubis, and is inserted into the glans by a small tendon, passing 
along the dorsum penis, over the convex bend, which it straightens 
when the penis is extended in erection. The Rabbit differs from 
the Hare chiefly in the larger relative size of the protometral 
vesicle, which also more commonly shows a bilobation of the 
base : its terminal orifice, in the urethra, is transverse and cre- 
scentic ‘ as if bent round the swellings of the verumontaniim.’^ 
Lofjomys resembles Lap us in its male generative organs. 

The vesicular glands are present, but small, in the Sciurinc 
family. In the grey Squirrel they are slender, somewhat elon- 
gated bodies, bent upon the base of the prostate, through the 
substance of Avliich their comparatively long ducts pass, together 
with the vasa deferentia. The prostate is a relatively large 
elongated compact body, loosely attached to the posterior jvart 
of the neck of the bladder and muscular part of the urethra. 
Cowper’s glands are also relatively of large size ; they are situated 
at the sides of the rectum, of a rounded conical form Avith the 
base bent forAvard upon the apex, from which a long, thick duct, 
Avith glandular parietes, is continued into the bulb of the urethra. 
The diminutive size of the so-called ^ v^iculae seminales ’ is not 
compensated by a dilatation of the vasa deferentia, as might have 
been expected had their office been to serve as a reservoir for the 
secretion of the testes, but by the magnitude of the other glands, 
viz. the prostate and Cowper’s, the admitted function of which is 
to add some accessory fluids to the semen ; and the Squirrels do 
not differ in the mode or duration of the act of copulation from 
other Rodents in which the vesicular glands are largely developed. 

In the Porcupine the .tunica vaginalis testis’ 

adheres to the scrotum and abdominal ring by so much and so 
lax areolar tissue that its inversion with return of the testis to 

' ccxxxAn, vol. ii. p. 167 (note). ‘ Uterus masculiims,’ ccxxxviii". imssim. ‘Cor- 
pusculum Weberianum/ ‘ Vesicula prostatica/ ‘Sinus prostaticus,’ ccxxxix". p. 1415. 

* ccxxxix". p. 1419. 
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the abdomen is easy. The epididymis, after quitting the testis, 
recedes, and is connected therewith for the rest of its extent by a 
fold of serous membrane. The prostatic glands are large and 
ramified, one on each side the muscular part of the urethra, with 
whi(;h they communicate close to the verumontanum : the terminal 
orifices of the vesicular glands are wider. The levator j)enis is 
inserted into an ossicle in the glans. The penial bone is strong in 
the Capybara : the vesicular glands in that Rodent are long and 
large, slightly branched : the prostatic glands are short, broad, 
and thick, consisting of numerous slender ramified cteca. 

In the Agouti and Acuchi ( Dasyprocta) the testes, during the 
rut, lie in the perina3uin, one on each side the retro verted bend of 
the penis ; the cremaster is a sacciform development of the inferior 
fibres of the obliquus in- 
terims abdominis, which is 
inverted when the testes re- 
turn to the abdomen. Adi- 
])ose appendages extend 
from the spermatic cords. 

The vasa defercntia,fig. 506, 
c, have usually a tortuous 
course behind the bladder: 
they terminate in the ure- 
thra distinct from the ducts 
of the vesicular glands, ib. 

k\ these bodies, z, 2 , are 
long and ramified ; the style, 

/, irij indicates the urethral 
end of the duct. The pro- 
s^tatic glands, f?, are shorter, 
and consist of a fascicule 
of slender cajca, which unite 
and form the short duct 
through which the style, 

/i, passes. The Cowperian 
glands, ib. o, o, are of a 
compact oval form, and send their secretion by a short duct, 
traversed by into the bulbous part of the urethra. The bulb 
is compressed by its ^ accelcratores : ’ the cavernous crura of the 
penis by the ‘ erectores : ’ the ‘ levatores penis,’ which unbend the 
organ during erection and compress the ‘ venae dorsales penis,’ 
rise from the symphysis pubis, and send their tendon along the 
dorsum to be inserted into the ossicle of the glans. This part 
is provided wdth a pair of lateral dentate horny plates, ib. h. 


50G 




652 


ANATOMY OF VERTEBRATES. 


Ill the Giilnea-pig ( Cavla cohmja), the ^ os penis ’ is a flat 
and slightly curved bone imbedded in the upper part, and 
^’caching as far as the extremity of the glans above the canal of 
the urethra. Behind and below the termination of the urethral 
canal is a wide pouch, in the bottom of which are lodged two 
horny styles. This iioiich, during erection, is everted, so that 
the horns jn'otrude externally. Two tenijons are connected with 
the bottom of this {louch, which run along the penis inferiorly, 
and come from a thin layer of muscular fibres, derived from the 
crcctores : they invert the pouch and draw it back again within 
the fflans. The surface of the glans is beset with corneous scales. 

This singular armature of the intromittent organ 
is maximised in the spotted Cavy (^Coplogerri/s 
suhfuscus\ of which, fig. 507 shows the glans 
beset Avith short spines, the long terminal horny 
spikes, and the lateral horny plates, with marginal 
retroverted serrations. 

In Capromgs I found a large adipose append- 
age attached to the epididymis. The ducts of 
the seminal, vesicular and prostatic glands termi- 
nate by distinct orifices; the fossa receiving those 
of the right side being divided by the verumon- 
tanum from the left one. The protometra is 
reduced to a small cul-de-sac behind the neck of 
the bladder ; it seems like a blind backward con- 
tinuation of the urethra separated by a transverse 
ridge from the orifice of the bladder. The vesi- 
cular glands present a Avhite and glistening ex- 
terior ; they are of an elongated form, with thin 
parictes, and send off, on one side principally, from fifteen to 
twenty obtuse caj(;al processes. The prostate gland consists of 
four ])rincipal masses or lobes, each composed of a number of 
flattened tubular cajca, with thin and easily lacerable parietes, 
compacted together by cellular tissue. The muscular part of the 
urethra is closely embraced by a thick stratum of muscular fibres, 
diverging in a double oblique or penniform manner from a middle 
longitudinal inferior raphe : the ^ acccleratores urlna3 ’ have the 
usual relations to a large bulb of the urethra; the crura penis, 
are embraced by short but strong ^erectores;’ the Gevatores ’ 
muscles, or ^ com pressures venae dorsalis,’ terminate in a single 
tendon, passing along the dorsum penis, to be inserted into an 
elongated flattened ossicle in the glans, which, in this genus, is 
' XX. vol. iv. p. 75, Nos. 2495, 2196. 
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unprovided with the horny armature which gives it so remarkable 
a cliaracter in the Cavies. 

In the Beaver ( Castor caiiaderisis^ I have usually found the 
testes, fig, 508, ?*, s, though small in proportion to the bulk of 
the animal, lodged in subcutaneous depressions between the 
castor-bags ; but with the usual wide opening of the ^ tunica 
vaginalis,’ permitting egisy re- 
turn of the gland into the 
abdomen. The tortuous dis- 
position of the vasa deferentia 
would favour such periodical 
movements of the testes : the 
terminal portion of the ducts, 
fig. 508, is dilated, or en- 
larged by glandular thickening 
of the walls, the inner surfiicc 
of wdiich is rniiltiplicate. The 
vesicular glands are (for Ko- 
dents) moderate sized convo- 
luted bags, fig. 508, o, ;; : the 
duct, fig. 509, sometimes 
communicates wdth, sometimes 
terminates distinctly from, the 
contiguous vas deferens, ib. a. 

The prostatic glands, ib. c, c, 
arc a cluster of shorter pyri- 
form sacs, the long slender 
ducts of which intercommuni- 
cate before terminating in the urethra. The protometra, ib. b, 5, 
soon divides, after its communication with the urethra, into two 
long ^ cornua,’ which lie on the peritoneal fold behind the neck of 
the bladder, mesiad of the vdsa deferentia, the course of wdiich 
they follow till they become too attenuated for distinction. The 
CoAvperian glands, fig. 508, w, ?/, arc of a compact oval form, 
situated between the ^ erectores’ and ^ accelora tores ’ muscles ; and 
opening into the bulb of the urethra. The maximised ]>reputial 
glands, ib. e, f, and ano-preputial glands, //, /*, A, /, have already 
been described. 

In the Water-vole (A?'vicola amphibia) the epididymis, fig. 510, 
f, is connected by longer ^ vasa efferentia ’ than usual with the 
testes, ib. c, d. The vesicular glands, ib. A, /, relatively larger 
than in Castor ^ arc bent upon thcmsdlves, and subdivided along 
one border; each prostate consists of three lobes, ib. m — r, or 
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aggregate gtoups of cscca. The Cowperian glands resemble 
those of Castor. A pair of long tliin glandular bodies opening 
into the prepuce, on each side the glans, ib. a, answer to the chief 
castor-hags, c,f, fig. 607, in the Bea,ver : the homologues of ff—k, 
fi<r. 508, arc confluent and surround the termination, fig. 510, v, 



of the rectum s, and exude their opaque whitish secretion near 
the anus. 

In the Marmots {Arctomi/s) the ^^rcputial orifice is more dis- 
tinct than in most Rodents from that of the rectum ; in the Alpine 
mariiiot the space of an inch intervenes. The prostates form a 
considerable mass, aggregated into two roundish lobes. The 
mesorchial accumulation of fat is considerable at the commence- 
ment of hibernation. The vesicular glands of the Jerboa (Dipus 
sagitta) resemble those of the Vole, but are less notched. In 
Helamys capensis, they consist of slightly sacculate pendulous 
bags, with thin walls : the prostatic follicles arc numerous, short, 
and thick: the glans penis becomes singularly expanded, and 
forms a hollow disc in the centre of which opens the urethra. 

In the Rat and Mouse the periodical enlargement of the testes, 
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fig. 511, c, is considerable^: the globus major of the epididymis 
lies in the cremasteric pouch, which is inverted when the reduced 
testis returns into the abdomen. The vasa deferentia, ib. /, receive 


at their termination the secre- 
tion of the small glands with 
a granulated exterior, e : the 
‘ vesicular glands,’ ib, a, «, are 
large, lobulate, and exude a 
hardish cheese-like secretion. 
The prostatic glands, b, c, are 
masses of slender subconvolute 
tubes. The Cowperian glands, 
of the usual compact form, lie 
one on each side of the rectum 
and send their long ducts to the 
larffc * foramen ciecum ’ at the 
urethral bulb. The penis has 
its ‘levator’ muscle and ossi- 
cle : the prepuce is served by a 
pair of glands secreting a whitish 
mucus. 

The spermatozoa of the Mii- 
ridee have the ‘ body ’ shaj)ed 
like the bent blade of a knife, 
when viewed in profile, fig. 
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512, A, B ; the vibratile ‘tail’ is very long: in the Squirrel (fig. 
513) the body is lamelliform, with the surfaces subbiconcave, and 
the margin thickened an- 51 ^ 


tcriorly : the ‘ tail ’ is of 
^ moderate length. It is rela- 
tively shorter to the body in 
the Guinea-pig, fig, 514,df: 
in this figure a portion of a 
tubule of the testis is mag- 
nified 300, diameters, show- 
ing the basilemma «, a, its 
lining (precipitate) of nucle- 
ate corpuscles and granules, 
h : with the developed nu- 
clei of detached cells, form- 



ing the spermatozoa, a. 


Male organs. Rat. 


§ 372. In Insectivora. — The periodical enlargement and 


* As in birds ; see vol. ii. p. 243, and xx. vol. iv. p 79. 
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^ descent ’ of the testes are better marked, perhaps, in some Insec^ 
512 tivora than in Rodentia, In December the 

testes of the Mole lie on each side of the iiri- 
^ nary bladder, with the inverted cremasteric 

V y/ / pouch attached to the great end of the epididy- 
\ H f March they are protruded into serous 

I / / i>acs, which look like a continuation of the 
/ / / abdominal cavity beneath the base of the tail. 

/ j / The prostatic glands, which begin to increase 

j I I in February, acquire an enormous size and 

\ \ i c<»nceal the urinary bladder towards the latter 

\ \ i end of March. The Cowperian glands lie 

I I \ \)eneath the integument above the root of the 

\ \ \ their duct to tenuinatc in the 

\ \ urethral bulb. The penis, bent backward 

\ \ upon itself, terminates in a very long conical 

I \ j glans with an ossicle, lodged in a preputial 
I \/ siieath, which projects freely, a short distance 

/ j\ below the anus. In a Capc-molc {CJin/sn^ 

1 y \ (Moris) I found the testes near the kidneys ; 

1 \ but the convolute course of the vasa deferen- 

\ / \ tia indicated their periodical movements. The 

1 a accessory glands are better differentiated into 

1 ^ vesicular ’ and ^ prostatic ’ than in Talpa, 

j In the Hedge-hog the vesicular glands, 

/ which become enormous at the rut, lie 

j ^ J mainly behind the urinary bladder ; the 

I flattened mass of prostatic glands rises in 

8,Kr,naioz.,,n. A, of ti.P Hat : froiit : thcjT ai'C su])porte(l by folds of perito- 
of the Mouse : mngn. cccvi. neuiu. The Cowpcriaii glands, as in the. 


Mole, are extra-pelvic, behind the ischia, and accordingly reach 
5 X 3 the urethral bulb by very long ducts. The penivS 

is long and bent when at rest. There arc two 
^ levatores ’ which rise from the ischial tuberosi- 
ties behind the ^ercctores:’ passing •along the 
sides of the penis, their tendons meet upon the 
^ dorsum ’ near the reflection of the long prepuce, 
crossing the ^ vena dorsalis ’ and inserted into the 
^.ossiculum glandis’; the urethra opens upon a 
special process which projects beyond the main 
lx)dy of the glans. In the Shrews, temporary 
rece[)tacles in the perinasum receive the enlarged testes during 
the rut; but do not project, as a scrotum. The epididymis 
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extends round t^o-thirds the circumference of the testis. The 
terminal half ofAltfe sperm-duct is dilated, like, a uterine horn. 

In a proboscis-shrew (Ji/iywcAocyow) the testes, fig. 515, have 
a long epididymis, terminating in tfie usual Qjpvoluted vas 


514 


515 



A portion (jf :i tubulo, of the testin, (iiilncsi'Pl?, with sperm-cells 
and spermatozoa, eexu. Magtil lied 300 diameters. 


deferens, d : large conglomerate vesicular 
and prostatic glands, p, /), extend along 
the u[)per half of the elongate muscular 
part of the urethra : a pair of small Cow- 
periaii glands, e, e?, open into the bulbous 
part : this is graced by a strong ^ acce- 
lerator,’ hy h. Above the ‘ crura corporis 
cavernosi ’ are the ^levatores penis,’ k, k. 

The glans is nearly half the length of the 
penis ; its termination is suddenly attenu- 
ated, with a crenate border and a fila- 
mentary appendage : there is no ossicle 
in this or other shrews. 

In the Bats the prepuce is relatively 
longer in its freely projecting part than in 
Moles and Shrews, and the penis is pen- 
dulous. The glans offers odd modifications 
in some species : a lateral pkir of promi- 
nences extend its upper sui’face in Ves-^ 
pertilio scrotinusy the lower surface being 
carinate and produced into a hirsute point 
upon which the urethra opens. In Cra7w- 
pithecus the glans shows two lateral longi- 
tudinal prominences which do not extend 
to the pointed urethral termination. There 
is an ossiculum penis in these fur- 

givorous bats have large vesicular glands. organs, Rhynchocyon. lxxxiv* 

§ 373. In Bruta , — A long epididymis characterises the testicle 

VOL. HI- u u 




ess 


JlNATOMir OF VFRXEBRATKS. 


in the Armadilip: the tiibuli testig are Telafivcly large and 
^poseil in narrow oblique foldg beneath the tunica albuginea, 
tester Ue above the brim of the pelvis :Hhey appear m)t to 
of tUc abdoineu, fi»r the vasa tMerentia are short and un- 
cdnvoUite: these, converging behind the bladder, pfenct rate a com- 
pact tviangulav prostate (or protoiuetra?) ; there are no vesicular 
glands. The Cowperian glands are situated behind the ure- 
thral bulb : each has its muscular capsule. Two ‘ Icvatores’ arise 
from the symphysis pubis and send a common tendon to ihc 
glans penis. The preputial sheath is of great extent, and the 
reflected membrane is coloured by a dark pigment. The penis 
has a disproportionate length, in relation to the mechanical 
obstacles to coition presented by the body-armour. The testes 
are constantly abdominal in the Anteaters and Sloths. Hunter 
notes that the ducts of the vesicular glands of the Anteater open 
into ^ the urethra by a separate sulcus from the common canal.’ ^ 
There are no vesicular or prostatic glands in the Sloth. ^ The 
penis is a short flat body inclosed in a prepuce which is within 
the verge of the anus. It is not above two-tenths of an inch in 

length, and terminates in an 
obtuse point. It has a groove 
which runs along its under sur- 
face, and which makes the point 
somewhat forked.’ ^ 

§ 374. Ill Cetacea , — Here the 
testes are abdominal, situated at 
the hinder part of the cavity 
between the great depressor 
muscle of the tail and the 
transversalis abdominis : they 
greatly augment in size at the 
rut, but do not change in posi- 
tion: in their quiescent state 
they assume an elongate form, 
fig. 516, a, and the epididymis, 
extends unusually far in ad- 
vance of the gland itself. Tlie 
vas deferens, c, has a short tract, 
but is convolute. There are 
Male organs, Deiphmus. xii. no vcsicular glaiids. The pros- 

tatic part of the urethra, ib. k, 
A, is surrounded by a thick capsule of muscular fibres. The 
protoiuetra is reduced to a small, elongate csecuin, fig. 517, a, 

^ ccxxxvn. vol. ii. p. 182 » lb. vol. ii. p. 180. 
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concealed in the prostate, and opening by the usual transverse 
crescentic slit, ib. c, into the urethra, between and a little beyond 
the terminal orifices, ib. b, A, of the sperm-ducts. 

The penis commences by two cavernous crura 
inclosed in strong ^ erectores,’ arising each from 
the loosely suspended ischial ossicle of the same 
side. The crura coalesce into a single cavern- 
ous body surrounded by a very thick sclerous 
sheath. After the junction of the crura the 
•penis, in DelphinidcBj describes a close sigmoid 
curvature, before terminating in the long, 
straight, gradually tapering glans. The corpus 
spongiosum commences by a bulbous expan- 
sion, fig. 518 , /, embraced by the ^accelerator 
fibres,’ f / ; but degenerates into little more than 
a close venous plexus as it penetrates, in the 
Porpoise, the corpus cavernosum ; it then 
emerges and extends along the under part of 
the corpus cavernosum, to re-expand into the protomftmf.fxarwhai. 
venous plexus surrounding the tuberous basis wxxxix". 

of the glans. The upper part, or dorsum, of the cavernous body 
is grooved for the lodgment of 
the plexiforiu vena dorsalis. In 
the unexcited «tate the penis f\ 

is withdrawn and concealed in /J 

the long prepuce, the orifice of 
wdiich is considerably in ad- 
vance of the vent. The retrac- 
tion is effected by a pair of ^ 
muscles, iw, arising from the 
aponeurotic commissure ante- 
rior to the sphincter ani e, and 

running along the under or I 

urethral side of the penis to 
be inserted into the sclerous 
basis of the glans. The pro- 

trusion of the organ is aided yH 

by the transverse fibres of the 

^ panniculus carnosus ’ sur- ^ 1|E||PI^ 

rounding the preputial sheath. 

The section of the penis of Male organs, Phocama. Xti, 

a Balmnoptera preserved by 

Hunter shows a single corpus cavernosum grooved above for the 


Male organs, Vhoccuna. Xti, 
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vena dorsalis, and more deeply excavated below for the corpus 
sjtou^osiun iircfijni?. ‘ 

>: § 370s In iS»Yw#V/. — These mutilate Mammals ait^ also ‘ testU 
«5orula/ but difler from the CHacrn in haring vesicular glands, a 
\iOlus with u ‘ septum cMiri>oris cavernosi,’ and provided with a 
\WUY o( • Vevatoivs,' which unite to form a tendon upon the 
" cVnsum/ In the Dugong {Ilalicore the glans consists of two 
sevmlunar side-lobes, ineliuVmg the conical j)rocess,'on the apex 
of which the urethra opens. In a half-grown male the vesicular 
glands w’erc four inches long and two inches across the fundus; 
ivhere their glandular parietes Avere thickest ; the internal sur- 
face was reticulate. The vasa deferentia were irregularly con- 
voluted : they communicated with the duct of the vesicular 
gland, the common opening being into the dilated beginning of 
the urethra, u hich describes a curve beloAV the vesical orifice : 
according to Louckart, it recedes the opening of a bottle- shaped 
protometra, about an inch in length.^ 

§ 376. In Froboscidia. — The testes retain in the Elephant the 
situation in Avhic.h they Avere developed, viz. below or beyond 
the kidneys. Their ducts have the same minor degree of density 
as in Sirenia and other ‘ testiconda they describe a tortuous 
course to betAveen the urinary bladder and vesicular gland, where 
they terminate on a papillary eminence at the fundus of a true 
seminal bladder, of a pyriform shape, Avith thin Avails and a 
smooth internal surface. These terminal reservoirs are in contact 
and adherent : they open into the beginning of the urethra 
distinctly from the orifices of the vesicular glands. ThcvSe are 
elongated and rather contracted toward the closed end, which is 
divided by a constriction or.^septmn from the general cavity, with 
which it communicates by a small canal. The glandular parietes 
are thickest at the closed end, and the inner surface is broken 
. by decussating columnar processes projecting into the cavity ; 
their interspaces extend in many parts, like sinuses, deep into 
the substance of the vesicular walls : towards the urethra these 
Avails become smoother. Each vesicle has a special muscular 
investment, for expulsion of its secretion into the urethra. The 
l^rostatic glands are two on each side, external to the A^esicular 
ones, and of much smaller size : they are also provided with a 
partial muscular covering. A csecal rudiment of the protometra 
extends from the base of the veriirnontanal cul-de-sac. The 
corpora cavernosa penis are divided by a thick sclerous vertical 
partition, and in transverse section present a reniform figure, with 
' XU. vbl. iv. 1 ?. 87, No. 2527. * ccxxxix". p. 1429. 
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the corpus spongiosum a^d ur<^thra occupying the concavity. The 
veins of the corpus cavernosum are surrounded by a soft tissue of 
unstriped muscular fibre. The glans penis is elongate, sub- 
cylindric at the base, becoming rather depressed at the end, 
which is obtuse and rounded. Besides the orilinary muscles, 
there are a pair of ‘ levatores penis,’ arising from the pubis, send- 
ing their tendons into the dorsum, where tliey coalesce above the 
vena dorsalis, and run along a sheath of the thick sclerous wall 
to the glans. 

§ 377. In Pertssodartijla.— -In the Hhinoceros the testes are 
inguinal, in close contact with the abdominal rings. The tunica 
vaginalis communicates freely with the peritoneal cavity. The 
testis is surrounded by a strong and thick ‘ tunica albuginea : ’ the 
‘ corpus Highmorianum ’ is continued in the form of a moderately 
thick white band, from the end where the efferent vessels pass out 


form the ^ caput epididymidis,’ along the whole longitudinal axis 
of the gland. From this band or centre of the cellular frame- 
work of the gland, the septal layers diverge to all parts of the ex- 
ternal tunic, forming the compartments in which the lobes of 
aggregated ^ tubuli seminiferi ’ are lodged. The branches of the 
spermatic artery, on penetrating the tunica albuginea, pass 


directly to the corpus Highmorianum, 
and their ramifications diverge thence, 
supported by the radiating septa, and 
form a rich network upon the inner or 
vascular layer of the capsule of the 
testis. The vas deferens in the in- 
guinal canal is surrounded by the ves- 
sels and especially by the plexiform 
veins of the spermatic chord ; on en- 
tering the abdomen it is received in a 
peritoneal fold, and is conducteil to 
the side and then to the ba-ck part of 
the urinary bladder, passing between 
the bladder and the ureter 5 ^ having 
got to the inner side ‘of . the tei^nina- 
tion of the ureter, fig. 519, 
vasa deferentia, ib. tyrf, descend strai^ll^'^ 
slightly converging, to the middle 
the back part of the prostate, p : 


519 



Acecsson- male organs. 


they penetrate that gland, together uiiiuocoros. ^ 

with the ducts of the vesicular glands, vs, lying to the inner 


side of these ; and, communicating with them, tho common duct 



ANATOMY OF VERTEBRATES. 


m 


:) 2 (> 


on each side finally terminates by a niiiuite pore uj>on the crucial 
■verumontaniiin. ’ The vasa defereiitia are thicken^ tta about thrice 
their ordinary diameter in the last three inches of their course ; 
^ blit tlieir canal or area is not proportionally 

diluted; it is, on the contmrv, rather con- 
tracted, bv- the thickness of the eellulo-glan- 
diilur parietcs to which the enlargement of 
the duct is due. The vesicular glands, ib. ?\v, 
])rt*sont an elongate subcoin pressed pyrifonn 
sbai>e, eight inches in length, and three inches 
and a half across the broadest part of the 
lundus. They have a lobulated exterior, and 
a structure very similar to that of the same 
binUes in ^lan. The prostate, ib. p, resem- 
bles that of many Rodents, being composed 
of an aggregate of long slender ca?eal tubes 
with glandular Avails converging to the ducts 
of the vesicular and vasa deferentia, and 
opening by numerous minute apertures on 
tlie A^eriunontanuni, The breadth of the 
jirostatc is six inches ; its antero-posterior 
extent four inches : it does not quite sur- 
round the beginning of the urethra, but is 
closely applied to the back and sides of that 
canal. The muscular part of the urethra 
extends about three inches from the prostate 
before it joins the bulbous and cavernous portions, close to Avhich 
are situated two large subcompressed oval Cowperian glands, ib. 

c, c. Each of these measures three inches and 
a half by two inches and a half. The great 
plexus of veins above the dorsum penis, near its 
root, is enveloped in a mass of elastic tissue, 
like the ^ dart os’ of the human scrotum. ' 

The fleshy part of the ‘ levatores penis,’ fig. 
520, /, /, measuii^es /ourteen inches in length, 
five inches across basah origin, and be- 

tween on^ And two inches in thickness. Their 
oblique* otjgin is extended over the space of 
on6 foot from the ento-pelvic part of the pubis 
down to the ischium. The tendinous part 
of th% muscle commences where the jmbic portion joins the 
ischial one at the inner and under border of the fleshy part: 



Penis and iiinarleH. 
liliiucK'oritSi 



Apex of glans, penfs, 
llhlnoccros. 
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it is half an inch thick at its commencement, but expands as 
it extends aiojqg the muscle, the fleshy fasciculi of which are 
inserted into thd' tendon in an obliquely converging, or semi- 
jtennifbnn manner. ^ As ithe tendon, augments in breadth, it 
diminishes in thickness, converging towards its fellow, which it 
meets and joins two inches before the anterior termination of the 
fleshy portion. The two united flattened tendons beyond are 
gradually converted into a round chord of ligamentous substance 
an inch in diameter. This choi-d, ib. /, I", glides through a strong 
slightly elastic aponeurotic sheath, along the median groove of 
the dorsum penis ; it is connected with the inner surface of the 
sheath by a highly elastic cellular tissue ; the chord maintains its 
ropelike character along the biisal third of the glans, then sub- 
sides, exjianding laterally, and is finally lost upon the firm cap- 
sule of the glans. There is no ‘ os penis.’ A pair of ‘ retractores 
I)enis,’ fig. 520, t, t, are inserted into the under part of the base 
of the glans. The nerves of the dorsum penis, the arteries, and 
trunks of two large plexuses of veins, pass beneath the bridge 
formed by the confluence of the tendinous and muscular parts of 
the ‘levatores penis’ and between the two suspensory ligaments 
of the penis. These ligaments are an inch in breadth, and one- 
third of an inch in thickness at their origin from the ischio-pubic 
arch a little in advance of the ligamentous attachments of the 
crura corporis cavernosi. The total length of the undistended 
penis is three feet nine inches ; the circumference of the prepuce 
is one foot five inches. The preputial orifice is two feet ten inches 
from the vent. The substance of the large reflected preputial fold 
of soft integument, fig. 520, p, r, is from half an inch to two-thirds 
of an inch in thickness, and consists of a moderately compact 
cellular corium, with a delicate epiderm, minutely rugose, in the 
transverae direction, and perforate or punctate with the pores of 
the mucous follicles which are very regularly dispersed at in- 
tervals of about a quarter of an inch. The glans penis, ib. gl, 
is a long and slender ^bcolnpressed cone with a truncate apex ; 
in its flaccid undistended Wait#, it is one foot in length : the pre- 
puce is reflected upon its Base at the , same transverse or circular 
line, and there is no framum. The.iipex, ib. a, is not simple, but 
resembles a mushroom on a thick p^uncle,, fig. 521, /, projecting 
from an excavation at the end of the glans with a thin wall or 
border, ib. e, e, like a second prepuce ; but this is of the same 
structure as the rest of the firm surface of the glans. On each side 
of the base of the glans, and rather towards its under part, there 
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fe longitudinal thick, oblong ridge or lobe, fig. 520, r, three 
inches and a half in length, and eight lines in basal thickness : 
the thick rounded free border of each lobe inclines downwards. 
A narrow ridge commences in the median space of the ‘ dorsum 
glaiidis/ which increases in heiglit as it advances forwards, and 
then subsides two inches from the border of the terminal or apical 
fossa.^ The projecting border of this fossa describes a compressed 
ova], and is attached to the pedunculated appendage, tig. 521, «, 
by a process, like a frienum, continued upon the middle line of 
both the upper and under surfaces, ib. /, of the thick peduncle : 
the fossa between this peduncle and the free external border is 
two inches in depth. The stem, /, of the terminal expanded 
discoid appendage is subcompressed with an oval section : the 
disc is ovate, one inch eight lines long by one inch across its 
broader inferior part, where it extends farthest from the support- 
ing stem. The urethra, u, terminates in the middle line of the 
disc between its middle and upper third. 

In the Sumatran Tapir the base of the glans has an upper 
lobe as well as one on each side, beyond which it is continued 
forward contracting, but terminates in a truncate surface on 
the middle of which the urethra opens. In the American Tapir 
the orifice is nearer the lower margin of the disc. The testes 
are inguinal, in a slightly indurated sessile scrotum, about 6 inches 
below the vent. The accessory glands resemble those of the 
Khinoceros. 

The testes were abdominal, below or beyond the kidneys, in 
the Hyrax (If. capensis) dissected by me : the vasa deferentia are 
convoluted, like a second epididymis, behind the urinary bladder ; 
they terminate near to, but distinct from, the ducts of the vesi- 
cular glands, at the lower end of the unusually elongated mus- 
cular tract of the urethra: the vesicular glands extend on each 
side of this canal, their closed ends just reaching the bladder. 
Two prostates, of a tubular structure, are near the duct-ends of 
the vesiculaj? Two small flattened Cowperian glands communi- 
cate by long ducts with the wide cavity of the bulb of the ure- 
thra. The penis is bent abruptly backward, and the glans has 
a truncate termination. Besides the * erectores ’ and ^ accele- 
ratores,’ there is a pair of ‘ levatores,’ arising from the symphysis 
pubis, and terminating by a single tendon, as in the Rhino- 
ceros. 

In the Horse the scrotum, fig. 522, «, is suspended between the 
thighs at a distance of about nine inches beneath the anus, whence 
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it is prolonged forward, to tenninate in the prepuce, ib.""/, /?/ 
The testis, ib. is of a sub- 
compressed ovoid form, the 
epididymis. A, /, rather closely 
attached to the testis and not 
longer than the gland. Thevas 
deferens, m, enlarges at its ter- 
minal part,ib. 0 , 0 , and fig. 523, 

а, a, by the development of 
its inner tunic into numerous 
close-set transverse glandu- 
lar lainellai. Tlie vesicular 
glands, fig. 522, x, fig. 523, 

б, Z>, are simple bladders with 
thin walls. In the transverse 
fold of peritoneum connecting 
together the enlarged parts 
of the sperm-ducts is situated 
the protometra, fig. 523, c, in 
form of a slender elongate 
tube, bifurcate, in the Zebra 
and Ass, at its blind end.^ 

The prostates are parenchy- 
matous, and open into the 
upper or vesical end of the 
muscular tract of the urethra : 
at the lower end of this part 
are theCowperian glands, fig. 522, y,y, which open into the bulb 
of the urethra. 

The corpus cavernosum penis is formed by confluence of tliat of 
the two crura, into one body, without vertical septum, ^ the parts 
composing its cells appear muscular to the eye, and in a Horse 
just killed they contract on being stimulated.’^ The fibrous tissue 
here noticed lies between the vascular and sclerous parts of the 
cells. The glans has two lateral semilunar lobes, and^at its apex 
a central pyramidal process on which the urethra opens. The 
^ crura penis ’ are surrounded by thick ^ erectores,’ having an ex- 
tensive origin, fig. 524, d: two strong suspensory ligaments, ib. (fy 
pass from the symphysis pubis to the dorsum. Besides the ordi- 
nary muscles, there is a pair of small ^ levatores,’ ib. A, c, serving 
mainly as compressors of the vena dorsalis penis, ib. e : there is 
' XX. vol. iv. p. 93. * xciv. p. 30. 
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also a pair of ^ retractores ’ arising from the os coccygis, fig. 522, 
/?, y, passing on each side the sphincter ani, r, then converging to 
run togetlier along the urethral side of the penis, .y, to the base of 
the prepuce. In the castrate horse these usually degenerate into 
elastic sclerous tissue. 

§ 378. In Artiodactf/lfi , — The male organs of the Suidcs ai’e 
chiefly remarkable for the enormous development of the Cow- 
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penan glands. The testes are perinfeal: the scrotum slightly 
promcts; it is not pendulous. The Tesicular glands are large, 
lohulated, with parenchymatous walls, their ducts terminate dis- 
tinctly from those of .the testes. The prostates are small, near 
the cervix of the vesiculie. The muscular part of the urethra 
18 ot great length and the Cowperian glands are co-extended 
therewith: each presentian elongate subtrihedral form, invested 
by a muscular capsule; the glandular parietes are very thick: 
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the terminal duct opens beyond a transverse valvular fold sepa- 
rating the bulbous from the muscular part of the urethral canal. 
The j)enis shows a sigmoid flexure^ and has a pair of ^ retractores,’ 
arising from the hollow of the caudal end of the sacrum, and 
inserted at the end of 

j. 

the bend next the glans. 

This is triquetral, elon- 
gate and pointed. The 
spongy part of the ure- 
thra, between glans and 
bulb, is reduced to a 
few veins. The prei)u- 
tial opening is near the 
navel. 

The Kuminant Artio- 
dactyles are devoid of 
vesicular glands; their 
testes pass into a ped- 
unculate scrotum. The 

, . . . rt Su.><i>eusorj' ligaments and muscles of penis, Horse. 

spermatic arteries wrin, 

by their close and numerous convolutions, a plexiform mass, which 
is specially notable in the Bull. The vasa deferentia slightly en- 
large at their termination in the Camel, but arc not there diffex’ent 
in structure from the rest of the sperpa-ducts : they terminate 
upon a broad wrinkled verumontanum. The prostate is a trans- 
A^ersely oblong compact body with a smooth exterior, the secre- 
tion passes by several orifices into the depressions at the 
sides of the verumontanum. Cowper’s glands arc of moderate 
size, subcircular, compact in structure!, with a thick muscular 
capsule. The corpus spongiosum commences by a plexus of 
veins afiPecting a parallel course around the membranous part of 
the urethra, but convolute in diverse directions to form the bul- 
bous expansion ; advancing from which the veins become reduced 
to two or three in number, running parallel with ealch other and 
the urethra. The cavernotis part of the penis forms a slender 
cylinder, it extends forward beneath the linea alba, closely con- 
nected therewith, making a ridge along that part of the abdo- 
minal surface ; then becoming free and receiving a reflected 
covering of skin, or ‘ prepuce,’ anterior to which usually depends 
a tuft of hair. The glans, in the Camel, is long, pointed, with 
its apex continued beyond the urethral opening and bent back. ^ 
In the Goat, fig. 525, the dilated tere^al parts of ,the sperm- 
ducts, a, u, have a glandular thickening of the inner tunic. The 
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prostates, 6, 6, have each a small central cavity; whence the 
duct is continued to terminate near the sperm-duct, in an oblong 
depression by the side of the verumontaniim : on a small fold of 



Testes, prostates and protometra, Goat, cc.xxxix". 


this part is the orifice of the protometra wffleh is continued, at 
c, between the dilated sperm-ducts, closely 
attached thereto by areolar tissue ; then di- 
viding into two horns diverging and closely 
apposed to the sperm-ducts, a, «, as far as 
the epididymis, in which they are lost. The 
Cowperian glands, two on each side, open 
upon the margin of a fold at the bulb of the 
urethra. The prostatic glands in the Deer, 
fig. 526, b, 5, are more slender in propor- 
tion to their length than in the Goat. The 
protometra, c, is reduced to a hardly dis- 
tinguishable trace ; and its cavity, which 
exists in the embryo, is obliterated at 
birth. 

In the Bull the narrow elongate prostates 
are irregularly contoi?ted. The ^ erectores ’ 
and ‘ acceleratores ’ are powerful muscles. 
The slender ‘ retractores ’ arise from the 
anterior commissure of the sphincter ani. 
There are preputial follicles in most Rumi- 
« nants, especially the Antelopes ; but only in 

the Muskflber do they Attain the size and structure described in 
the preceding chapter. In no hoofed Mammal is there an ‘os penis.’ 
§ ^79. In Carnivora,— The outward indications of the male sex 
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are hardly distinguishable in the Seal tribe. Here, the testes, when 
extra-abdominal, make no scrotal projection ; they are imbedded 
in areolar tissue, between the pubis and the thighs ; the tunica 
vaginalis communicates freely with the abdomen : the sperm-ducts 
take the usual course. There are no vesicular glands ; there is but 
a small subbilobed prostate. The penis makes no outward projec- 
tion : the preputial opening, about six inches in advance of the 
vent, is inconspicuous. The glans penis is pointed, supported by 
a bone about half an inch long, in Phoca vitulina, into which are 
inserted a pair of ^ retractores,’ arising from the anterior commis- 
sure of the anal sphincter. . The remnant of the protometra in 
Ph. mtidhia^ is but two lines in length ; the orifice behind the 
verumontanum is rarely patent. The os penis of the Walrus is a 
massive subcylindrical bone, sometimes two feet in length, ex- 
panded at one end, where the cancellous structure prevails.^ 

The testes lie under the skin of the groin in otters, under that 
of the perinfeurn in civets. The scrotum, where best developed 
in Carnivora^ is hairy and less pendulous than in Ruminants. As 
in these, the vesicular glands are absent ^ ; the prostatic glands 
are small and compact. The penis, save in CanldcSy Viverridoi^ 
and HifCBua, has a bone. 

In the Bear the sperm-ducts are enlarged and in close contact 
at their terminations, with thick follicular 
walls : beyond this glandular part they retain 
their width, but contract to open upon the 
verumontanum.^ A thin layer of prostatic 
substance surrounds the beginning of the 
urethra. The os penis in Ursus arctos may 
be 6 inches in length."* In the Subursine 
genus Meles a remnant of the protometra, 
fig. 527, «, rises between the glandular ends of 
the sperm-ducts, b, b ; its cornua are reduced 
to mere filaments, c: the prostate is better developed than 
in Ursincs, esj)ecially in the Racoon, in which it is in advaude 
of the neck of the bladder. In the Kinkajou the os penis is 
sub-bifurcate at the .distal end, which is covered, as in most 
Subursines and Mustelines, by the membranes of large ^ila- 

' XLiv. p. 638, No. 3919. 

® ‘ Lcs -v/'nicules s^minales existent dans les coatis/ xn. tom. viii. p. 160. Hunter, 
however, expressly aiflrms of his * Swash,’ which I determined by tlie skull (No* 4069, 
XLiv.) to be a young Coatimoudi, that ‘ it has no vesiculce seminales.’ ccxxxvi. vol. ii. 
p. 90. The same result has been had from subsequent dissections at the Zo'dogidkl 
Gardens. ccLxxrn". * 

* CCXXXVI. vol. ii. p. 92, note 3. 

* A fossil specimen of this bone, in Ursns sjpclceus, measured nim; inches. 
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table sinuses, and projects beyond the proper erectile tissue of 
the glans. Besides the usual muscles of the penis there is, in 
Plantigrades, a pair arising from the sacrum diverging to include 
the sphincter ani, and then contipued on to the dorsum penis as 
far as the bone. In the Otter the sperm-ducts have glandular 
terminations. ^ Between the two there is a small body or canal 
which enters the urethra at the caput gallinaginis, but not with 
the vasa deferentia * in this remnant of the protpinetra the 
cornua are filamentary, as in Meles. In Mustela mai^tes, also, 
Plunter observes : — ‘ There is a small cavity between the two 
vasa deferentia, at their entrance into the urethra, which will 
admit the small end of a small blow-pipe ; but I could not find 
any natural opening into the urethra.’ ® 

In the Dog-tribe the scrotum is more prominent than in Mus- 
telines or Plantigrades. The prostates form a protuberant body, 
and exude the secretion by several pores at the sides of the veru- 
montanum. The spongy tissue of the urethra expands suddenly and 
considerably at the base of the glans, which has an ossicle: the blood 
is thence returned by two ^ venae dorsales penis ’ : these are com - 
pressed by the action of ‘ levatores,’ arising from the first caudal 
vertebra, passing one on each side of the anal sphincter, then con- 
verging to gain the dorsum penis, crossing, the veins, and termi- 
nating at the base of the bulbous part of the glans. As long as 
the ^ levatores ’ retain the stimulus to contract, after coition, the 
distended glans forms a mechanical impediment to retraction of the 
penis from the vagina.*^ The ossicle is grooved for the urethra. 

The prostates are moderately large and lobulate in the Ichneu- 
mons, in which Cowperian glands also exist. In the Suricate 
{Rhyzatna Mradoctyla) the scrotum is as little marked as in 
Mustelines: there are neither vesicular nor prostatic glands; 
but there is a pair of very large Cowperian glands, with the 
jisual muscular capsule, and with unusually long ducts, through 
which the secretion is propelled to a dilatation near the distal 
end of the urethra: behind their orifices a semilunar fold opposes 
the retrograde passage of the. secretion into the long tract of 
prethra intervening between it and the neck of the bladder. 
Tn the Zibet ( Viverra Zibetha) there is a small prostate : beyond 

' ccxxxvi. vol. ii. p. 74. See also ccxi.i". p. 49. 

» Ib. ib. p. 67. 

laid bare the penis of a dog, almost through its whole lengtli ; traced the two 
veins that came from the glans and separated them from the arteries by dissection, 
that I might be able to compress them without affecting the arteries. I then com- 
pressed the tw^ veins, and fouiid the glans and large bulb became full and extended.’ 
xciV'. p. 32. 
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winch the muscular tract of the urethra extends far before its 
combination with the erectile parts of the penis : here, behind the 
bulb, is a pair of large Cowpcrian glands. The penis is con- 
tinued from the junction of the crura, forward, in front of the 
pubis to a small prepuce at the fore part of the enlargement 
caused by the scent-glands. The glans penis is pointed and 
bent downward: it has 
no bone. This is want- 
ing also in the Musangs, 
in which the prostate is 
large, but surpassed by 
Covvper’s glands: the pre- 
putial scent-follicles open . 
upon a tract distinct from 
the anal glands. In the 
Hyajna the prostates fig. 

528, c, c, are large and re- 
niform, partially confluent 
behind : there is a minute 
flash-shaped protometra, 
ib. a, in the usual posi- 
tion between the ends of 
the sperm-ducts, b, h : 
these arc less dilated and 
glandular than in most 

Carnivores. The Cow- AcccsHory male glandB ami prutometra Ilytcnn .Striata ^ lialf 

iiat. Hlzo. rcxxxix". 

perian glands, d, d, are 

elongate and pyriform : their ducts open far forward, nearer the 
glans penis than the vesical orifice. There is no ossicle : ^ the 
penis is easily pulled out of the prepuce, and the prepuce then 
seems to be continued all along the penis to the end, and much of 
the same colour. This is not the same as in a dog,’* in which tlve 
covering of the glans is more distinct in texture and attachment. 

In tiie Cat the gluns penis is beset with callous retroverted 
papillas: they are less numerous and conspicuous in the Tiger 
and Lion. In all Felines there is a small prostate, limited to 
the back part of the neck of the bladder: the muscular part of 
the urethra is long. Cowper’s glands are large, and derive their 
muscular covering from a modification of the ‘ acceleratpres,’ of 
which an external may be distinguished from an internal portion. 
The ^ erectores ’ arise each by a broad tendon from the puhis : 
anterior to this the ^ compressores vehje dprsalis ’ take ^eir origin, 

* ccxxxiv. vol. ii. p, 68. 
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aud converge mute, at tl\e syraphysis pubis, in a strong 
CQjjpmon teudof, which passes over the ‘vena dorsalis penis/ 
Tv^b slignder fasciculi derived from the ‘ retractor ani ’ pass along 
the bul^ and under side of the urethra to the line of reflection of 
the prepuce, where they are lost in the skin of the glans : they 
bend back that part, in the unerect state, and cause the felines to 
be ‘ retroiningent.’ 

§ 380. In Quadrumana. — The testes of the Aye-aye ( 
occupy a sessile scrotum : the tunica vaginalis communreates with 
the peritoneal cavity^ but ^jr^oo contracted a canal to permit any 
return there of the '‘testesl oftering a notable difference from 
Rodents. There are no vesicular glands ; but a moderate sized 
compact prostate, and a pair of flattened oval Cowperian glands, 
the ducts of which penetrate the urethral bulb. Resides the 
^ erectores ’ and ‘ acceleratores,’ there is a pair of strong ^ levatores 
penis ’ arising from a fascia below the symphysis pubis, crossing 
the vena dorsalis, and inserted by a common tendon into an 
^ ossiculum penis.’ The penis, of a subconical form, projects 
about an inch, in the unerect state, it is covered by tlie thin 
naked skin of the prepuce, which has a transverse orifice. 

In the Slow Lemurs (Stenops Tarsius, Otolichus, Perodicticus) 
there are vesicular glands in the form of oval subcompressed bags, 
with a plicate or honeycombed inner surface: their ducts terminate 
distinctly from those of the testes. The prostate has a bifid. base 
and compact structure. The Cowj)eriam glands are relatively 
large. The short penis has an ossicle, and projects, or hangs 
conspicuously as in Chiromysi the ossicle ends in a terminal 
process of the glans.' In the Makis (^Lemur') the vesicular 
glands consist each of an elongate caecal tube, bent inward 
and downward at their free end, with thin walls and a minutely 
rugous inner surface : in other respects the male organs resemble 
those of Chiromys. Each ‘ levator penis ’ arises from the upper 
part of the crus : they converge above the two ^ vena3 dorsales ’ 
to a common tendon which runs along the dorsum peniii to the 
ossicle. The glans is large and expands to a free truncate end 
with the urethra opening near the centre of the disc ; the sides 
bf the glans are beset with small callous papillae. 

The scrotum is more pendent in Platyrhine and higher 
Quadrumana ; the vesicular glands have thicker parietes and a 
more^lobulatcd or ramified form ; the prostate is more compact : 
the Cowperian glands become reduced in size. The penis is- 
prominent or pendulous in all. The glans terminates by a 
large expansion in A teles. In Cebus capucinus Cuvier found no 

* XX. vol. iv, p. 101, 
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median septum dividing the corpus cayernosum : it is present in 
all Catarhines, but degenerates into a ^ pectinifcrm partitioijL 
anteriorly. In Macacus Cynomolgus the vesicular glan8, fig, 
529, e, is large and lobulate, its duct is lohg and unites with 
that of the testis, c, some 
way before the latter ter- 
minates in the urethra. 

The prostate, is large 
and compact. The rem- 
nant of the protometra, 
resembles the ^ sinus 
prostaticus ’ or third lobe 
of the prostate in Man. 

Cowper’s glands are ap- 
plied to the back part of 

the urethral bulb. The aC“ Accessory glands and profoinetra, Macacus Cynomolgus. 

celeratores muscles sur- ccxxxix'. 

rounding the bulb do not advance between the ercctores penis : 
these arise from the sclerous covering of the crura corporis caver--* 
nosi, not from the ischia. Two small ^ levatores penis,’ after the 
usual disposition for compressing the ‘ vena dorsalis,’ terminate in 
a tendon inserted into a small ^ os penis.’ In the Mandril {Papio) 
the vesicular glands are so large as to appear, invested with 
peritoneum, in the pelvis : they consist of numerous cieca which 
terminate the subdivisions of branches given off by one main 
central tube or duct. The prostate, also, is partially subdivided 
into lobules. The testes, larger dian in Man, slightly project, 
one on each side the base of the 4)enis. In Apes as well as 
Monkeys, the ^ frasnum preputii ’ is absent, and an ossiculum penis 
present. CuiSP found it one-third of an inch long, but gristly at 
both ends, in the Chimpanzee,^ 

§ 381. In Bimana , — Here the testes pass, 
two or three months before birth, into a 
pendulous scrotum ; the serous canal of com- 
munication becomes obliterated, and the tunica 
^vaginalis is an independent short serous sac. 

All the accessory glands are well developed 
and differentiated, but of . moderate proportions. 

The penis is pendulous and without a bone: spermatozoa of 

^ A 300 dlftiii* 

the prepuce has a ‘ frjenum.’ The spermatozoa, 
fig. 530, have an ovoid or almond-shaped body, subcompressed, 
viewed sideways, with a filamentary vibratile appendage, averag- 

* ccLXXiv", p. 48. 
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ing from to of an inch in length. They are conveyed, 
with the fluid in which they move, by the spermducts to the 
beginning of the urethra. The ducts are slightly enlarged j chiefly 

through thickening of their walls, 
near their termination, fig. 531, y*, 
as they pass along the inner sides 
of the vesicular glands, v ; they 
again contract to communicate, each 
with the duct of the gland of its 
own side, at d. The vesicular gland 
is a fusiform multilocular bag about 
two inches in length and three 
quarters of an inch in greatest 
breadth. The lower attenuated end 
penetrates the prostate between the 
lateral, />, and medial, lobes, and 
after joining the vas deferens, the 
common duct terminates at the side 
of the urethral depression called 
^ sinus pocularis,’ fig. 532, Each 
^ vesicula ’ is invested by a fascia, 
on removal of which, with some 
maceration and dissection, it is 
shown to consist of a main tube 

A iwatorlor view of tho hTinian bladder with, COmmOuly , thrCC Or foUr CSSCal 

and prostate : the sponnducts and vc- - '' , 

slculre are reflected downward; half UlVertlCUlar appCncIageS. Ill IS tUDC 
natural si/e. xjlVIII, , i n ti 

has a much smaller calibre tor a 
short distance from its junction with the vas deferens than else- 
where. The narrow portion is straight, and is commonly called 
the duct. The vesicular glands are found to contain a glairy 
mucus, deepening to a brownish colour soon after death, and 
containing stray spermatozoa. The prostate, figs. 531, 533, 
is a more compact glandular body surrounding the neck of the 
bladder and beginning of the urethra, deriving its name from 
its position in front of the vesicular glands. It is surrounded 
ty a dense fascia, which adheres firmly to the glandular sub- 
stance. This is of a lightish brown colour, and very firm texture. 
It forms two lateral lobes, of an ovokl shape, between which 
a* small middle lobe. It is composed of minute canals with 
blind follicular beginnings, which unite together to form ducts, 
opening in an oblique manner on the prostatic portion of the 
urethra. Their orifices are situated around the most elevated 
portion of tho verumontanum, in the form of a crescent, fig. 
532, e. The depression, or ‘sinus,’ in front of this valvular 
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fold receives the combined vesicular and seminal ducts, < 7 , g. A 
small style passed into it, as at^*, penetrates a pyriform sac in the 
middle lobe of the prostate, which is the rem- 
nant of the protometra: it is exposed by 
removal of the glandular covering, at <?, fig. 

533. Cowper’s glands are rounded bodies, 
about the size of an ordinary pea ; of a solid 
texture, a palish red colour, and conglomerate. 

The lobules are connected together by areolar 
tissue, and are surrounded by a fibrous cap- 
sule : they are composed of elongate follicles, 
from the fiftieth to the twenty-fifth of a line 
in length, and about the thirty-sixth of a line 
in breadth. Their slender ducts, of about the eighteenth or six- 
teenth of a line in diameter, usually coalesce into a single excre- 
tory duct. The ducts of each gland run parallel for the distance 
of half an inch beneath the mu- 
cous membrane of the bulb, and 
approaching each other, they 
pierce the urethra by two ex- 
ceedingly minute orifices. 

The penis consists of the erec- 
tile tissues called ^ corpora caver- 
nosa ’ and ^ corpus spongiosum,’ 
the latter inclosing the urethra 
and expanding at its hind end 
into the *bulb’ and at its fore 
end into the ^ glans. ’ The 
^ corpus cavernosum ’ forms in 
Man more than two-thirds of 
the bulk of the penis: it is a 
lengthened subdepressed cy- 
linder, with a median groove 
both above and below; the upper 
groove lodging the dorsal vein, 
arteries, and nerves, and the 
under one the corpus spongio- 
sum. Anteriorly the corpus 
cavernosum terminates in an ob- 
long and rounded extremity, 
which is received into a depres- 
sion on the posterior surface of the glans ; posteriorly it is at- 
tached to the ischiopubic rami by its two crura ; and above it 

X X 2 
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is connected .to the symphysis pubis by means of a strong tri- 
angular fascia, the ^ Hgamentum suspensorium penis,’ 

The ^ corpus cavernosuin ’ is composed of a cellular structure 
enclosed in a strong sclerous tunic, from the inner surface of 
which are given off numerous bands, ^ trabecula 0 ,’ which converge 
towards the middle line of the inferior wall; they are most 
abundant in the middle line of the organ, where they form a 
septum between the two lateral halves of the corpus cavernosuin : 
but this becomes incomplete or ^ pectinate ’ anteriorly. The 
so-called cellular structure of the corpus cavcrnosum consists of a 
plexus of dilated and freely intercommunicating veins, the inter- 
spaces of which are occupied by contractile tissue : the fibres 
being unstriped and with a general arrangement transversely to 
the axis of the penis. 

Besides the ^ erectores penis ’ and ^ acceleratores urlnae,’ there is 
a remnant of the ^ levatores penis ’ reduced to the function of 
‘ compressores vense dorsalis and occasionally a small fan-shaped 
muscle^ Mschio-bulbosus,’ may be defined in the interspace 
between the bulb and crura penis, having a slender attachment 
to each ischium, and ex 2 )anding u23on the bulb. The prepuce 
is connected to the glans on its under part by means of a narrow 
-fold, with some sclerous tissue, termed the ^fraBnum prtej3utii.’ 
At' the base of the jirepuce, where it is reflected over the glans, 
open the small lenticular rejiresentatives, cabled ^ glandulac 
odoriferaB,’ of the preputial follicles of lower Mammals. 
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B. FEMALE ORGANS OF MAMMALS. 

The ovaries retain, as in lower Vertebrates, their abdominal jk)- 
sition; but are relatively small in Mam- 
malia, and consist of a dense areolar 
^ stroma,’ which, with the ovisacs therein 
developed, is inclosed in a firm sclerous 
‘ tunica albuginea,’ fig. 534, a. The 
abdominal aperture of the oviduct is 
wide, and, as a rule, ^ fimbriate ;’ but 
the canal quickly contracts, usually to 
a diameter like that of the spermduct, 
and, after a certain course, suddenly 
expands, or opens, into a ^ uterus.’ This 
may remain distinct from its fellow ; 
but a prevalent mammalian characteristic is a blending of the 
uterii to terminate by one valvular orifice in a ^ vagina;’ the con- 
fluence extending, by degrees, in different species, until a single 
uterus results. The ^vagina, as a rule, is single, and usually 
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terminates by a ‘ vulva ’ distinct from the vent. The ^ clitoris ’ is 
single. The variations in the afferent and subordinate parts of 
the female organs are greater and more numerous in Mammals 
than in other Vertebrates, and with female sexual organs are 
associated functional mammary glands: marsupial pouches are 
superadded in most Lyencepkala. 

§ 382. In Monotremata . — The female organs here consist of 
two ovaria, the right much smaller than the left, two oviducts, 
two uteri, an urogenital passage, and a clitoris. 

The ovaria correspond in situation and surrounding attachments 
with the testes in the male ; and the oviducts and uteri exhibit 
in their closely convoluted disposition an analogy with the sperm- 
ducts. 

The left ovary, fig. 535, /, is an irregular, semi-elliptical, 
flattened body, with a wrinkled and granulate surface in the un- 
excited state ; but becomes thicker, with the surface studded 
by elevations formed by the ovisacs in different stages of develop- 
ment, at the season of sexual excitement. At this period usually 
two ovisacs, as in the figure, are conspicuously larger than the 
rest, and present each a diameter of about two lines. The right 
ovary, /, is a narrow, thin, generally elongated body ; sometimes 
broader, with a finely granulated surfiuje. It is often scarcely to 
be distinguished from the ovarian ligament to which it is attached. 
This ligament, ?, ^, arises from the posterior parietes of the 
abdomen, behind and a little on the outer side of the kidney, and 
passes along the edget)f the broad ligament to the fallopian ex- 
tremity of the oviduct, where it divides into two ; one portion is 
attached to the side of the ovary, the other to the posterior 
margin of the fallopian orifice: after a course of an inch they 
again unite, and the ligament is continued along the anterior 
part of the uterus to its cervix, where it is insensibly lost. The 
two separated portions of the ligament support a large pouch of 
peritoneum, which forms the ovarian capsule ; the wide anterior 
orifice of the oviduct is also, by means of this ligament, prevented 
from being drawn away from the ovary. 

The efferent canal of the ovarian products is divisible into an 
oviduct or fallopian tube, d', and an uterus, rf. The size of the 
latter is nearly equal on both sides, but the right oviduct is much 
shorter than the left, and corresponds ^vith the abortive condition 
of the ovary. The external serous coat of the oviduct is loosely 
connected to the muscular coat by filamentary processes of areolar 
tissue, among which numerous tortuous vessels ramify. The mus- 
cular coat is thin and compact, and is most readily demonstrable 
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in the uterus. The mucous coat is thin and smooth in the ovi- 
duct ; it is thick, soft, plicated, but not villous, in the uterus. 

The left uterus in a female with a large ovary, shot in the 
month of September, was two inches long, from four to five lines 
in diameter, and about a line thick in its parietes ; it became sud- 
denly contracted and thinner in its coats to form the oviduct, 
which presented a diameter of about two lines, slightly enlarging 
to within an inch of the extremity, which forms a wide mem- 
branous pouch, (Z" opening into the capsule of the ovary by an 
oblong orifice or slit, e, of eight lines in extent. The edges of 
this orifice were entire as in the oviducts of Reptiles, not in- 
dented as in the fimbriated extremity of the Fallopian tube in 
higher Mammals. The entire length of the oviduct and uterine 
tube, when detached from their connections with the mesometry, 
was nine inches. The right utQrus and oviduct of the same 
specimen exhibited similar differences in diameter and structure, 
but was shorter, measuring only six inches in length. 

The thickened parietes of the uterine tube depends chiefly 
on ail increa»se of the inner membrane, which, at the cervix uteri, 
presents deep and close-set furrows: these, as the canal widens, 
arc gradually lost, and the surface becomes more or less smooth. 
In the oviduct, the inner surface is smooth on leaving the uterus, 
then becomes finely reticulate, and in the terminal dilated part 
becomes again smooth. The cervix uteri makes a valvular pro- 
jection analogous to an os tincse on each side of the commence- 
ment of the urogenital canal, just beyond the orifice of the urinary 
bladder. There are two orifices on each of these prominences : 
the lower one is the termination of the ureter — a bristle is repre- 
sented as passing through it in fig. 535 ; the upper or anterior 
orifice is the os uteri, m. In young or virgin Ornithorhynchi 
this orifice forms scarcely any projection into the urogenital 
canal, and it is divided by a narrow septum. The urogenital 
canal, c, is one inch and a half long, and three or four lines in 
diameter, but capable of being dilated to as great an extent pro- 
bably as the pelvis will admit of; the diameter of the bony 
passage being seven-tenths of an inch. It is Invested with a 
muscular coat, the external fibres of which are longitudinal ; the 
internal, circular. The inner membrane of this part is disposed in 
longitudinal rugas more or less marked, but presents as little the 
character of a secreting membrane as that of the vestibule, being 
smooth and shining ; the orifices of a few minute follicles are 
situated in the interstices of the rugas near the orifice of the 
urinary bladder. 
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The common vestibule, h, is about one inch four lines in length, 
and varies from Iialf an inch to an inch in diameter : it is lined by 
a dark- coloured epithelium. The rectum opens freely into it 
posteriorly, as indicated by the probe b\ On the sternal aspect of* 
the vestibule there are a scries of longitudinal fibres, which ex- 
tend from its external orifice to that of the urogenital cavity, 
the office of which is to approximate these orifices ; and in this 
action certain oblique fibres assist, while at the same time they 
close the rectum. 

On the sternal aspect of the urogenital canal, and close to 
where it joins the vestibule, the clitoris is situated, which is con- 
sequently about an inch and a half distant from the external 
orifice of the vestibule. It is inclosed in a sheath upwards of an 
inch in length, and about two lines in diameter, of a white fibrous 
texture, and with a smooth internal surface, and this sheath com- 
municates with the vestibule about a line from the external 
aperture. The clitoris itself is a little flattened body shaped like 
a heart on playing cards ; it is about three lines long, and two 
lines in diameter at its dilated extremity, where the mesial notch 
indicates its correspondence of form with the bifurcated penis of 
the male. 

At the base of the clitoris are two small round flattened glands, 
the homotypes of Cowper’s glands in the male, which open into 
the sheath or preputium clitoridis. 

§ 383 . In Maraupicilia, — In this order the female organs consist 
of two ovaries, two oviducts or fallopian tubes, two uteri, two 
vaginic, an urogenital canal, and a clitoris. 

The ovaries are small and simple in the uniparous Kangaroos, 
fig. 538 , a, d! ; tuberculate and relatively larger in the multi- 
parous Opossums, presenting the largest size and most compli- 
cated form in the Wombat, fig. 536 . In Mneropus they are 
lodged within the exj)anded orifice of the oviduct, or ^ pavilion,’ 
near the upper or anterior extremities of its two principal 
lobes. These are of considerable extent, and their internal sur- 
face, which is highly vascular, is beset with rugae and papillae. 
In the Dasyures and Petaurists the ovaries are elliptical, sub- 
compressed, and smooth. In the Virginian Opossum the ovary 
consists of a lax stroma remarkable for the number of ovisacs 
imbedded in it, the largest of which are the most superficial, and 
give rise to the tubercular projections on the surface. In the 
Wombat, fig. 536 , each ovary, besides being lodged in the pa- 
vilion, as in the Kangaroo, is inclosed with the pavilion in a 
peritoneal capsule ; it is botryoldal in form, resembling the 
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ovarium of the bird. Numerous ovisacs in different stages of 
growth project from the surface, the largest presenting a diameter 
of eight lines, fig. 536, a ; but the structure of these ovisacs, the 
character of the stroma in which they are imbedded, and the 
dense albugineous tunic by which they are inclosed, bespeak 
tl\eir strictly mammalian type. The oviducts contract, beyond the 
pavilion, 5, to a greater 
degree than in Mono- 
tremes, and both by 
their slenderness and 
the thickness of their 
coats more nearly re- 
semble the spermducts ; 
they have, also, usually 
a more or less tortuous 
course, as shown in the 
Opossum, fig. 537, and 
Kangaroo, fig, 538, 5, 5. 

Their expansion into 
^ uteri ’ is more gradual 
than in higher Mam- 
mals. . The uteri are fusi- 
form, relatively longer 
in multiparous, fig. 537, 
than in uniparous, fig. 

538, species. The mus- 
cular coat is of moderate 
thickness, exceeded by 
the innermost, owing to 
the abundance of lax areolar and vascular tissue which supports 
the smooth delicate lining membrane, which is usually thrown 
into many folds. Each uterus communicates with its own vagina 
by a valvular prominence, or ^ os tincie.’ The vagiiuc are of, 
remarkable length in Marsupialia, and folded or otherwise deve- 
loped, so as to adapt these passages to detain the fetus after it 
has been expelled from the uterus fur a longer period than in 
other. Mamjinalia. 

These complications vary considerably in the different mar- 
supial genera. On a comparison of the female organs in DidcU 
phijs (lorsigera^ Petaurus pygmcBiiSy Petaurus taguanoides^Dasyurus 
vinerrinus^ Didelphys Virginiana^ Macropus inajor^ and llypsi-- 
prymnus murinusy I find that the relative capacity which the 
uteri bear to the vaginas diminishes in the order in which the 
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above-named species follow, while the size of the external pouch 
increases in the same ratio. 

In Diddphys dorsigera the nteri, fig. 537, c, c, rather exceed 
the unfolded vagiiue in length. Each vaginal tube, e, d , after 
embracing the os tincee, d, is immediately continued upward and 
outward, then bends downward and inward, and, after a second 

bend upward, descends by 
the side of the opposite tube 
to terminate parallel with 
the urethra, A, in the com- 
mon or urogenital passage, 
In Petaurus the vagi- 
nae, when unfolded, are a 
little longer than the uteri: 
they descend close together 
half-way toward the uroge- 
nital passage, and there 
terminate blindly without 
intercommunication. From 
the upper part of these culs- 
de-sac the vaginae are con- 
tinued upward and outward, 
forming a curve, like the 
handles of a vase, then 
descend, converge, and ter- 
minate close together, as in 
the preceding example.^ In 

FeulMe organs, Dldelphya dorslgcra, lxxv\ ^ ^ , 

IJasyurus viverrinus and 
Didelphys Virginiana the mesial culs-de-sac of the vaginm 
descend to the urogenital passage, and are connected to it, but 
do not communicate with it or with one another : each canal is, 
then, continued outward from the upper end of the cul-de-sac, 
and, forming the usual curve, terminates parallel to the orifice 
of the urethra. The vaginas in the Dasyures are smaller in pro- 
portion to the uteri than in the Virginian Opossum, but of a 
similar form.® 

In the Wombat (Phascolomys) each uterus communicates with 
a separate and large vaginal cul-de-sac, the lining membrane of 
which is increased by irregular rugae and papillae ; the terminal 
portion of each lateral canal has a thick muscular coat. The 
urogenital canal is lined by a thick epithelium, and its surface is 

* XX. vol. iv. p. 151, no. 2734 c. * xx. vol. iv. p. 152, no. 2734 e. 

® XX. vol. iv. p. 154, no. 2738 a. 
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broken up into countless oblique rugae and coarse paplllas, be- 
traying a certain regularity in their arrangement ; the surface 
immediately around the urethral orifice is comparatively smooth. 

In Macrojpus major the vaginae, fig. 538, e, e?', preponderate in 
size greatly over the uteri c, c ; and, the septum, e", of the de- 
scending cul-de-sac being always more or less incomplete, a 
single cavity, e, is thus formed, into wl^ich both uteri open ; but 
however imperfect the septum may be, it always intervenes and 
preserves its original relations to the uterine orifices, d. In 
the specimen examined by me, this part of the vagina was not 
continuous by means of its proper tissue with the urogenital 
canal, but was connected thereto by areolar tissue.* In Hal- 
maturus Bennettii I found an aperture of communication be- 
tween the median cul-de-sac and the urogenital canal and, as 
the same structure has been observed in two other specimens,^ 
it is doubtless normal, at least, after parturition. The fact, how- 
ever, does not justify the conclusion that the lateral vaginal canals 
convey exclusively the semen for impregnation, and that the 
median canals, which, as a rule, are closed and distinct from each 
other, serve only to transmit the foetus to the urogenital passage. 
In Hypsiprymnus murinus the type of construction is the same 
as in the great Kangaroo, but the mesial cul-de-sac of the vagina 
attains a still greater development it not only reaches down- 
ward to the urogenital passage, but also expands upward and 
outward, dilating into a large chamber, which extends beyond 
the uteri in every direction. From the sides of this chamber the 
separated portions of the vagina continue downward, to terminate, 
as usual, in the urogenital canal. 

In Perameles obesula the uteri are wider in proportion to their 
length than in the Kangaroos. Each communicates with a 
vagina, expanding into a caecum with semitransparent walls, and 
greatly surpassing the uteri in size : the caeca suddenly contract 
near the ora tincae, to form long and slender vaginal canals, which 
converge, but terminate separately near the vulva. The urethra 
is of corresponding length and tenuity ; its orifice is near those 
of the vagina, the urogenital passage having the least extent 
in this genus of Marsupialia. 

In all, the structure of the uteri is distinct from that of the 
vaginae. The muscular tunic of the uteri is thicker, and consists 
of an outer stratum of longitudinal fibres, and an inner one of 

* Removed by dissection in the preparation, xx. vol. iv. p. 157, No. 2740 c, as in 
that from which fig. 638 was taken. * ccxliii". p. 106. 

’ ccxLiy". p. 699, and ccxlv". p. 146. 
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circular fibres. The lining is well organised, not deciduous : it is 
soft, and disposed in many irregular folds, but, when these are 
effaced, has a smooth surface : this is a distinct but delicate layer 
with minute pores, and is connected to the muscular coat by 
an abundant tissue, consisting of fine Iamella3 stretched trans- 
versely between the muscular .layer and the smooth membrane, 
the whole being of a pulpy consistence and highly vascular, 
especially in the impregnated state. The vaginas are lined with 
a layer of epithelium, which is readily detachable, even from the 
middle cul-de-sac. The inner surface of the culs-dc-sac in the 
Opossum is smooth, but in the lower part of the single cavity in 
the Kangaroo and Potoroo it presents a reticulate structure. 
The lining membrane in the lateral canals in all the genera is 
disposed in regular longitudinal folds, a disposition which cha- 
racterises the true vagina in most. In the Kangaroo, as in the 
other Marsupialia, the lateral canals communicate with the 
common or urethro-sexual cavity without making a projection ; 
but at the distance of three-fourths of an inch from their termina- 
tion there is a sudden contraction, with a small valvular projec- 
tion im each, fig. 538, ?i, n. By those who consider the cul-de- 
sac and lateral canals as a modification of the corpus uteri, these 
projections may be regarded as severally representing an os tincie; 
but they do not exist in the Opossums and Petaurists, in which 
there is simply a contraction of the vaginal canals at the corre- 
sponding part ; and in both these and the Kangaroo, the true uteri 
open in the characteristic valvular manner, without the slight- 

est appearance of a gradual blending with the median cul-de-sac. 

The clitoris is situated in a 
pi’eputial recess near the out- 
let of the urogenital passage : 
it is simple in those Marsu- 
pials that have a simple ^ glans 
penis,’ but is bifid in those 
which have the glans divided ; 
and in the Opossum each 
division of die ^ glans clitori- 
dis ’ is grooved. 

The marsupial type is re- 
peated in one of the rarer ano- 
malies of the female organs 

, , — ^ , Doubletiterurt and vagina, Human anomaly, ocxlvi". 

in the Human species ; in 

which not only the uterine cavities are distinct, but the ^ os 
tincse ’ of each opens into its own vagina, fig. 539. 
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^ 384 . Jk JFodentia.—This order offers transitional steps from 
the foregoing type to the more common ^ uterus bicornis,’ with 
single os tiiicie and vagina. In the Biscachia (Laffostomns triclio- 
dactylus) the two uteri are distinct, and each opens into a separate 
canal formed by a longitudinal septum continued about one-third 
down the vagina.^ In the Capybara, Sciuridce and LeporidcBy the 
two ora tine® of the separate uteri open into the fundus of a 

common wagina, fig. 540, A, i. 
In the Beaver there is one 
large prominence, like an 
^ os tincae,’ but the uteri ter- 
minate thereon by separate 
orifices. In Muridee, the 
Aguti, the Paca, the two 
uteri blend into a short 
common cavity, with one 
opening into the vagina : 
they are connected toge- 

the confluent cavitifes, or 
true ^corpus uteri.’ The 
ovaries, which are elongat- 
ed, subcompressed, and with 
an even exterior, in the unexcited state, fig. 540, A, Z, become 
botryoidal when the ovisacs are developed with ripe ova, fig. 
772, A, CT, Q > . 

In the Beaver the ^pavilions’ are small and simple: upon these 
the oviducts are obliquely folded ; the uteri are long, straight, and 
of uniform slender diameter when unimpregnated. The os tincai 
is followed by a series of irregular flat processes, which project 
from the fore part of the vagina, gradually becoming smaller. 
The urethra communicates with the vagina near its distal end : 
the clitoris projects from a notch just beyond the urethra ; and in 
front of the clitoris is the wide aperture common to the two 
large x>reputial or ^ castor ’ bags : there are also smaller lobulated 
masses beyond the bags. In the Rabbit the aperture of the 
pavilion, ib. A', is more fimbriate and plicate than in the Beaver : 
it is continued along the border of a shallow peritoneal capsule 
^tending from the further side of the ovary to the border of the 
broad ligament. From the ovary the remnant of the ligament of 
the primordial kidney ascends to the diaphragm. The oviduct. 


ther for some extent beyond 
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ib. c, passes outward a short way beyond the ovary, then sud- 
denly bends back toward the uterus, f it is unravelled in fig. 
772, A. The natural disposition of the efferent canals in the un- 
impregnated state are shown in fig. 540. The uterine tubes, e, /, 
are united for a short distance by a’ireolar and serous tissue at g ; 
but open separately into the vagina, as shown by the styles. A, L 
The longitudinal and circular layers of the muscular coat are as 
well marked as in ]J||[arsupials ; but the inner coat has a different 
and lower structure : it is more homogeneous, and adheres closely 
to the muscular coat : its inner surface is more or less wrinkled, 
and is minutely porous, the orifices being those of the irregular 
canals called ‘ utricular glands,’ exuding fluid, and lined by the 
formified particles or ^ cells,’ which likewise adhere to the free 
surface of the uterine lining. This, when injected, presents a fine 
reticulate structure, with a similar disposition of the superficial 
capillaries. Near the distal end of the true vagina are two small 
semilunar folds, with their concavity directed .toward the uro- 
genital passage. This is long in LeporidcB and a few other 
Rodents : its commencement is indicated, where valvular limits 
are wanting, by the opening of the urethra, ib. d ; it terminates 
close to the vent in all Rodents ; and, in the Hare, on the same 
nude patch of skin on each side of which is the glandular bag, q. 
The ^ preputium clitoridls ’ opens just wdthin the verge of the 
ui’ogcnital outlet : the clitoris commences by two crura, and ter- 
minates by a flattened bifid glans. In the Capybara the urethra 
terminates close to the vulva, and a groove is continued to the 
preputium clitoridis, which projects externally. In many Ro- 
dents {^Arvicola, Lagostomus, Bathgergiis) the clitoris is per- 
forated by the urethral canal. In the Squirrel the vulva is a 
longitudinal slit upon a conical prominence or ^ peak; ’ in the 
Porcupine the vulva is a thick semilunar prominence, puckered 
up internally into longitudinal folds, and opening immediately 
below the vent. The urethra and preputium clitoridis are close 
to the vaginal outlet. ^ 

The human uterus repeats, as an anomaly, the grade of con- 
centrative development attained by those Rodents in which 
a short common cavity or ^ corpus ’ intervenes between the 
cornua and the vagina, as in the instance, fig. 541, given by 
Aktiiuu Farre in his masterly Article ^ On the Uterus and 
its Appendages.* ^ 

§ 385. In Insectivora . — In some of these Lissencepkalay as in 

* CCXI.V1". p. 680. 
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30me Rodentia^ the clitoris projects externally to the vulva, and 
is perforated by the urethral canal. The Mole, which exemplifies 

this structure, fiff. 542, c, 

541 o ^ ^ 

also shows a complete clo- 
sure of the vaginal orifice 
in the virgin state, ib. 1,^ 
the vulva afterwards, ib. 2, 
intervej^ing, at w, between 
the clitoris, c, and the pro- 
minent vent, below the 
letter w. The canals, seve- 
rally continued from these 
apertures, viz. rectum, va- 
gina, and urethra, are all 
anterior to the j^ubic bones, 
consequently outside the 
pelvis. There ia no valvular or other distinction between the 
vagina and corpus uteri : a long, somewhat tortuous, subdepressed 

utero-yaginal canal extends into the ab- 
domen to terminate in the cornua uteri : 
these are cylindrical tubes, and describe 
three abrupt curves, on quitting the 
corpus uteri, at right angles therewith. 
The ovaries are commonly found with a 
tuberculate exterior, and are inclosed in 
an almost complete peritoneal capsule. 
The oviduct pursues a wavy course along 
this capsule to the uterine ‘ horn.’ The ovarian ligament, com- 
mencing near the diaphragm, descends external to the kidney, 
carrying before it a peritoneal fold. The uterine ligament is 
continued from the end of the ^ cornu,’ and runs along the pos- 
terior edge of a continuation of the same fold, or ^ mesoraetry,’ to 
the part answering to the abdominal ring in the male. 

Tlie Shrews closely resemble the Motes in their female organs : 
there is the same absence of os tincse and a corresponding length of 
utero 7 vaginal canal from which the cornua, fig. 389, ?/, arch away 
at a right angle. In the impregnated specimen figured, the com- 
mencing embryos were lodged in caecal dilatations of the cornua. 
In the great-snouted Shrew (i?%wcAocyo7z), the ovaria, fig. 543, x, 
are placed each near the orifice, 6, of a large peritoneal capsule, 
bordered by the oviduct, t, which slightly enlarges towards the 
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uterus. This commences by a bifid expansion, and is continued 
without constriqjion or distinction into a wide vagina with 
interlocking transverse folds at its uterine hulf. In Tupaia 
the clitoris is long but is merely grooved, the groove being 
continued to the urethral opening just within the vulva. The 
uterine cornua are short. In the 

^43 

Hedgehog the clitoris projects from 
a prepuce into a urogenital pas- 
sage of an incli in length, mid- 
way between the vulva and the 
urethra ; liere a slight constriction 
marks the boundary of the proper 
vagina. This canal soon becomes 
rugous ; the ruga? arc nearly trans- 
verse, increasing in breadth, and in- 
terlocking near the os tinea;, which 
seems to terminate the series. The 
body of the uterus is about half an 
inch in length ; the cornua not 
much more. The ovary is tuber- 
culate and furrowed; its perito- 
neal capsule is large, with a small 
orifice near the termination of the 
oviduct in the uterus. The ovaria 
arc large and clustered, and the 
uterine cornua long, in the multi- 
parous Tenrec ( Ce7itctes) the va- 

^ ^ , Pcmale organs, Rliync)wcyon. cxxxiv'. 

gina has the transverse alternating 
folds at the uterine half of the canal. 

In the Bats the uterus has two very short horns : the long 
corpus uteri opens by an os tincae into the vagina : in Pteropus 
the vagina extends into a cul-dc- sac beyond the os tincjc. 

§ 386. In Bruta. — The absence of the valvular or mechanical 
limit between uterus and vagina, noticed in certain Insectivora^ is 
an inferior character repeated in the present order of Lissen^ 
cephala. In the Armadillos {Dasypus Peba, l^bc uterine 
walls gradually become thinner, the epithelium denser and 
smoother, and longitudinal furrows finally denote the vagina, 

* Of the two specimens of Centetes setosus teansmitted to me by the Hon. W. R.'*" 
Rawson, Treasurer of the Mauritius, one iiad brought forth twenty young : he had 
known an instance of twenty-two at a birth, the more usual number being twelve to 
eighteen. I added dissections of the foetus to the Hunterian Series under the 
No. 3577, A, to show the close anal6gy in form and structure of the male and female 
organs at that period. 
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which opens into a wide urethra about an inch from the end of 
the clitoris, the groove of which is continuec^rom tlie urethra. 
The usual subordinate relations of urethral and vaginal canals 
are here reversed. The clitoris in Dasyjnis Q^cinctus is longer 
than in the 9-banded species, measuring nine lines in the un- 
erect state : it is of a pointed form, covered with a leaden-coloured 
integument, and situated an inch anterior to the anus : the vulva 
is placed on an eminence. From this orifice the urogenital canal 
extends eight lines, receiving the vagina by a transverse semilunar 
slit, and being then continued for five lines further mthout any 
diminution of diameter, and terminating in the form of a cul-de- 
sac, into which the urethra opens by a very small orifice. In 
Das, Peha^ the urogenital cavity is not sejmrated by a corre- 
sponding contraction from the urinary bladder, but is a more 
direct continuation of it. In this Armadillo the uterus is un- 
divided ; it expands to the fundus, which again contracts to a 
point, the oviducts being continued from the sides of the fundus : 
in Dasypiis ^•-cinctus the uterus is triangular, the fundus expand- 
ing into slightly produced angles, from which the oviducts are 
continued. These, in both species, wind round the peritoneal 
capsules of the ovaries, become tortuous, and terminate by fim- 
briate expanded openings directed toward the ovary, which was 
subelongate and smooth in both the dissected specimens. 

In the Ai {Bradypus tj'idactylus) the uterus is like that of 
Dasypus G-cinctus, the oviducts being continued from the angles 
of the fundus : between the uterus and vagina there is as 
little distinction ; and the elongate common canal communi- 
cates (in the young Sloth) by two apertures with a short and 
wide urogenital passage. The ovaria are smooth elliptic bodies, 
with a greater proportion of stroma than in multiparous Lissen- 
cephala : the oviducts, commencing by fimbriate apertures upon 
the anterior edge of the capsule, pursue a serpentine course in 
that peritoneal fold to the fundus uteri. The ovarian ligaments 
are continued each along the margin of a peritoneal fold upward 
to the diaphragm, and downward to an oval ^ parovarium,’ or 
remnant — of unusual size — of the ^Wolffian body’: the un- 
obliterated termination of its duct opens, as in most Lissencephala^ 
on each side the urogenital passage, here very short. In the 
Unau {Bradypus didactylus) the rudiment of an uterine septum 
appears as a longitudinal ridge from the inner surface of the 
anterior wall in the unimpregnated state : in this species, also, 
the utero-vaginal canal communicates in the virgin animal by 
two distinct orifices with the short urogenital tract, the outlet of 
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which is common with the vent. The clitoris is short, and docs 
not project beyoiid the cloacal aperture. In the great Anteater 
{Mt/rmecophaga jubata) the vulva and vent have likewise a com- 
mon external cloacal outlet. 

§ 387. In Cetacea. — The ovaria are narrow and elongate, with 
the surface frequently fissured so as to appear convoluted : the 
orifice of the ‘ pavilion’ is rarely fimbriate, but the lining mem- 
brane is produced into numerous folds, which sometimes project 
like a short fringe. The uterus is ‘ bicorn with a short body : 
the lining of the ^ cornua ’ is longitudinally plicate : the os tineas 
is prominent : the surface of the vagina has many complex trans- 
verse folds. The vulva is a longitudinal fissure, fig. 608, «, anterior 
to the vent, ib. h : -its labia are comj^osed of soft and yielding in- 
tegument not loaded with oil : a short urogenital tract is marked 
off by the entry of the urethra upon a longitudinal ridge of the 
vagina: anterior to the urethra are two folds, like the Mabia 
minora,’ between wdiich is the clitoris : at the sides of the uro- 
genital passage are the oi’ifices of ^ Maljughian canals.’ In Balce^ 
noptera the peritoneal fold forms a wide and shallow sac beneath 
the ovary : the oviduct dilates at first, then contracts, and after a 
short wavy course is continued straight to the corresponding horn 
of the uterus. The lining membrane of this part is longitudinally 
plicate ; the folds subside at the beginning of the ^ corpus uteri,’ 
but again reappear, and are continued upon broader transverse or 
circular productions of the lining. The third of these, progres- 
sively increasing in depth, represents the ^os tincoe;’ just beyond 
this, at the beginning of the vagina, is a semicircular fold, also 
multiplicate longitudinally : it is followed by four other trans- 
verse folds progressively increasing in width ; beyond these the 
longitudinal plicce gradually subside. In Hyperoodon about ten 
oblong processes surround the entry of the oviduct into the ute- 
rine horn, into which they project : the uterine body presents a 
few large smooth ridges and obtuse processes. The os tincae ’ is 
divided into five tubercles : about six inches intervene between 
these and the first transverse fold of the vagina : between these 
folds the membrane is produced into smaller wavy and longitu- 
dinal ruga3. In Delphinus delphis and in Phoccena the entry of 
the oviduct into the uterine horn is not defended by processes of 
the lining membrane. The longitudinal and transverse produc- 
tions of the uterine and vaginal inner surfaces resemble those of 
the Whale. The ^ larger folds of the vagina appear like a suc- 
cession of ora tine®.’ * 

* XX. vol. iv. p. 176. 
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§ 388. In Sirenia , — In both Halicore and Rhytina the vagina, 
fig. 544, 0 , is characterised by longitudinal rugae : the body of the 
544 uterus, c, is relatively 

^ longer than in Cetacea^ 

' iH ^ impregnated Dugong, is 

wavy : the cornua di- 
verge at' right angles, are 
>1^ more slender, and less 

• arched: there is a wdl- 

NjljKo W The vulva is situated 

^ further in advance of 

uterus uf Dngonff. ccXLViii". . , m .• 

the vent. In Rhytina 
Steller describes the clitoris as of a hard texture, an inch and a 
half long, situated at the anterior broader part of the vulva, which 


uterus uf Dugong. ccXLViii". 


is eight inches anterior to the anus. 


§ 389. In Prohoscidia . — In a half-grown female Ele})Iiaut 
(^Elephas indteus, Cuv.), the ovaria are small oblong bodies, with 
an irregular tuberculated exterior and large j)ro])ortion of stroma: 
the ovarian apertures of the oviducts arc provided with numerous 
long and slender branched pro^jesses, like a loose tassel. Each 
tube makes a long bend upon itself around a deep and narrow 
ovarian capsule, and maintains a slightly tortuous course to the 
uterus. The body of the uterus is very short ; the cornua are 
long and wide ; their inner surface is broken by a few slight 
transverse puckerings on the concave side. The body of the 
uterus presents two large semilunar folds, and the os tincic is 
represented by three similar successive and alternate folds, which 
form the boundary between the uterus and vagina: the latter is 
divided from the urogenital canal by a constriction, in which. 


viewed from the urogenital side, there appear three small aper- 
tures : the middle one leads to the vagina ; the lateral ones to 
the mucous sinuses, called ^ canals of Malpighi.’ The internal 
surface of the vagina presents a few slight and irregular rugae ; 
those of the urethro-sexual canal affect a more regular, and in 
some places a penniform, arrangement : the urethra terminates 
immediately beyond the constriction. The clitoris measures 


fifteen inches in length. The two crura are attached to the 
rami of the os pubis : they are of a dense cavernous texture, and 
are joined together to form the body of the clitoris : this is in- 
closed in a strong ligamentous capsule. After the junction of 
the crura the clitoris descends along the perineum, with its under 
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or posterior surface applied to the urogenital canal ; two muscles, 
answering to the levatores penis in the male, converge and unite 
upon the upper or anterior part of the clitoris, and send their 
common tendon through a sheath to terminate near the glans : 
this is composed of a vascular corpus spongiosum. 

§ 390. In Peris sodacty la , — The ovaria, in Rhinoceros Indians y 
are included within a large peritoneal sac, communicating with 
the general abdominal cavity : they are compact, oblong and 
subcompressed. The oviducts commence by wide orifices, having 
a richly fimbriated margin : their diameter at the expanded end 
equals two-thirds of an inch, but they gradually diminish in size 
as they pass in a slightly tortuous course along the parietes of 
the ovarian capsule towards the uterus: just before they enter 
the cornu their diameter does not exceed one-third of a line. 
They terminate in the extremity of the cornu upon a valvular pro- 
tuberance about the size of a pea, which is divided into four or five 
processes. The ^ cornua uteri’ are each seventeen inches in length: 
tlie ^ corpus uteri ’ only an inch and a half. The cornua are 
occupied by close-set longitudinal folds : the inner surface of the 
corpus is smooth. The vagina, about sixteen inches in length, 
is divided by a constriction from the urogenital tract, which is 
three inches long. The upper or uterine third of the vagina is 
occupied by broad transverse folds, the lowest of which is most 
extensive. About an inch above this fold, or nearer the uterus, 
a second and smaller fold is formed, which also descends from the 
upper and lateral parietes of the vagina, but passes across in an 
oblique direction: then follow in quick succession a series of 
shorter but equally broad semilunar folds, which become alternate 
in their relative position as they approach the uterus, so as to 
cause the cavity of the vagina to assume a spiral course : as 
these valvular folds also assume a thicker, softer, and more 
vascular texture, it is by no means easy to determine where the 
vagina ends or the uterus begins.’ Hie structure resembles 
that in the Tenrec and some other Lissencephala, The urethra 
opens into the urogenital passage just beyond the vaginal con- 
striction. The lateral apertures of the ^ Malpighian canals ’ are 
about an inch and a half from the vulva. These canals expand, 
and then divide and subdivide, terminating in blind ends near 
the beginning of the vagina.* The ^ prepUtiutti clitorldis ’ and 
urogenital canal open externally by distinct but approximate 
narniw elongate orifices: the vulva opens about five' inches from 
the vent. 

* v". p, 52, pi. 18. - II >. w, m. 
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In the Tapir the ovaria are small subcompressed oval bodies, 
in a widely open peritoneal pouch ; the oviducts have a tortuous 
course along the pouch near its margin to the uterine horns, 
which arc long, and longitudinally multiplicate within : the body 
of the uterus is but two inches long, the ^ os tincte ’ not very 
prominent : the v*agina is long; a constriction divides it from the 
urogenital passage, which is short. The clitoris and Malpighian 
canals resemble those of the Rhinoceros. 

In the Mare the ovaries, of an elongate reniform figure, are 
inclosed and concealed in large peritoneal sacculi, fig. 574, 0 , to 
the mouths of which the fimbriated extremities of the oviducts are 
attached. The inner surface of the pavilions arc characterised by 
numerous narrow, close-set, minutely plicated laminje. The ovi- 
ducts have a wavy course to the horns of the uterus, which are a 
litt^ longer than the body or common cavity; short oblique 
wavy folds of the lining membrane, much developed in the im- 
pregnated state, fig. 57 6, t, project into the interior : a few similar 
folds are present in the body of the uterus, together wdth others 
which are broader and disposed more longitudinally at the cervix. 
The os uteri, ib. /, is denoted by the sphincteric thickening of 
the muscular coat and the contraction of the canal; but there 


is little or no valvular projection into the vagina. Of this canal, 
A, the inner surface is increased by numerous irregular longitu- 
dinal folds: a constriction defines the vagina from the urogenital 
passage, ib. d ; the urethra, ib. e, opens near the constriction, 
behind a rugous prominence or flap, ib.yi The orifices of many 
follicles are dispersed over the comparatively smooth surface of 
the urogenital passage. The trilobate ^glans clitoridis,’ ib. a, 
projects from its preputium close to the anterior mai’gin of the 
vulva. It is provided with ^ erectores ’ muscles and a ^ plexus 



retiformis’: the sphincter of the uro- 
genital passage is very powerful. In 
the Filly the communication of the va- 
gina with the urogenital canal is di- 
vided by a longitudinal septum or 
‘ hymen.’ The Zebra and Ass closely 
agree with the Mare in the structure of 
the female organs, 

§ 391. In Artiodactyla, — The ova- 
ria of the Sow, fig. 545, are large 


oblong bodies with an irregular and tuberculate surface : when 
t% ovisacs enlarge, the stroma is scanty in proportion. Each 
ovarium is inclosed within a peritoneal sac, near the aperture of 
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which it has a pedunculate attachment. The posterior wall of the 
sac ai)pcars to be formed by the wide and deep pavilion, the 
margin of the abdominal opening of which is almost entire ; the 
inner surface of the pavilion is au'gmented by many long but 
narrow and higlily vascular folds, which radiate from the beginning 
of the contracted part of the oviduct upon the expanded pavilion. 
The uterine cornua are long. The numerous and irregular pro- 
cesses and wrinkles which characterise the inner surface of the 
horns of the uterus gradually subside in the body as this ap- 
proaches the vagina, and pass into two or three series of thick and 
soft ridges of the lining tissue. The os uteri is denoted by a 
series of close-set, narrow, longitudinal folds, but there is no val- 
vular projection or ^ os tincae.’ In the true vagina the longitudinal 
folds become fewer, and gradually subside toward the line of sepa- 
ration between the vagina and urogenital passage. The urethra 
opens between two longitudinal rid|[es, but the surface both of 
these and other similar projections m the urogenital passage is 
broken by numerous fine, wavy, and oblique furrows. The clitoris 
projects from the anterior angle of the vulval labia. In the Peccari 
the vaginal folds toward the uterine end arc so arranged as to give 
a spiral curve to the canal, like that in the Tenrec and Rhino- 
ceros. Usually one ovisac enlarges, at the heat, in each ovary, 
or there may be two in one ovary, the Peccary producing not 
more than two at a birth. 

In the uniparous Camel the ovary is a comparatively small sub- 
com[)ressed oval body with a smooth and even exterior : it becomes 
furrowed and subtubcrculate in older specimens, or at the heat. 
The greater part of the capsula ovarii appears to be formed by the 
fimbriate aperture of the oviduct, which is of very large size, and 
is supported by £®)road fold of peritoneum ; the pavilion as it ap- 
proaches the contracted part of the duct has its inner surface pro- 
vided with many broad parallel folds ; the oviduct is disposed in 
a series of four oblique festoons, and is then continued in an un- 
convoluted course toward the uterus. 

The cornua are of moderate length, and describe each a regular 
semicircular curve ; they have a smooth internal surface, beset with 
utricular pores, without trace of cotyledonal processes. The corpus 
qteri is short : the cervix is occupied with a series of oblique but 
nearly transverse folds, which do not quite complete a circle. Three 
of these folds are seen from the vagina concentrically disposed 
around the beginning of the uterus, which has no defined ^os tincie.’ 
The commencement of the wide vagina presents a smooth and even 
internal surface. The clitoris commences by two crura, and is 
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continued^ia a tottuous and scfmewliat spiral course to the prepii- 
tium clitoridis, to one"^ side of which it is adherent : the extremity 
of the preputium forms a conical prominence external to the ante- 
rior margin of the urogenital canal. The ^ plexus retiformis ’ 
forms two large bodies. 

In the Pigmy Musks or Chevrotains ( Tragulus) the ovaria are 
smooth oblong bodies with a somewhat angular contour. The 
oviducts pursue a scalloped course along the edge of the broad 
ligament, and terminate in an expanded elongated pavilion at the 
outer part of the circumference of the capsula ovarii. I found the 
cornua of the uterus are unequal in size ; the right was the largest 
in the specimen examined ; its inner surface was smooth, the utri- 
cular pores generally diffused, without any appearance of cotyle- 
donal processes, implying an uniform and stunted villosity of the 
fcetal chorion, as in the Camel tribe.* The inner surface of the 
vagina has many parallel Iqpgitudinal folds, the abrupt termina- 
tion of which indicates the beginning of the uterus, there being 
no os tincm. The vulva is close to the vent. 

In horned Ruminants the lining of the cornua uteri shows 
smooth prominences, devoid of utricular pores, called ^ caruncles ’ 
or cotyledonal processes, fig. 546, e, increasing in number with 
the size of the species. In Cervus rvfus and (7. capreolns there 
may be from four to six in each cornu, longitudinally disposed: 
in the Giraffe there may be eighty. In the Cameline group we 
have seen that the greater part of the capsula ovarii is formed by 
the expanded fijnbriated aperture of the oviduct itself, which is 
of very large size. In Deer, Antelopes, Bovines, and Ovines the 
ovarium, ib. k, is lodged in a depression or sacculus of the broad 
ligament, which is more or less deep, and has its apertures more or 
less contracted in different species. In the GirJJe this sacculus is 
wide and deep, and incloses almost the whole of the ovary. The 
fimbriated extremity of each oviduct is expanded upon the outer 
margin of the ovarian capsule, as in fig. 546, i, i ; the inner surfiice 
of the pavilion is beset with numerous fine oblique stria?, and is 
further increased by narrow, folds of lamina? converging toward the 
contracted opening of the duct. The oviduct forms three or four 
wavy folds, and is then continued along the walls of the wide 
ovarian capsule to the extremity of the uterine horn, which makes 
an abrupt curve to meet it. Each cornu becomes bent in a 
spiral form when distended with fluid: four longitudinal rows 
of compressed caruncles project from the inner surface. The 
cervix of the uterus is occupied by two circular series of close-set, 

* ccxxxvi. vol. ii. p. 135, Note. 
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longitudinal lamellar processes, with their free margins converging 
to the centre of the canal. Above j:hese tlie inner membrane of 
the uterus sends off several thicker processes similarly arranged. 
The^ os tineas ’ is a large transversely oval prominence, having 
the orifice of the uterus in the centre, and marked by numerous 
fine ruga3, which radiate from this orifice. The vulva or ^ peak ’ 
in the Giraffe resembles that of the Deer, and the other horned 
Ruminants, in coming to a point below, within which is the clitoris. 
From the vulva to the orifice of the urethra, the passage is five 
inches long in the Giraffe: the proper vagina is lined with a 
smooth and polished membrane, which is disposed in numerous 
fine and small longitudinal rugae. 

In the Bison (Bison America7ius) the ovaria are smaller than in 
the Giraffe, and the peritoneal sacculi, or capsules, are deeper, 
and have a more contracted aperture ; they are situated wholly 
external to the ovary, with their apertures turned toward those 
bodies. The fimbriated pavilion is extended along the external 
border of the opening of the ovarian sac. Tim smooth caruncles 
of the uterus are softer, thicker, and more obtuse than in the Gi- 
raffe, and are less regularly disposed. Series of longitudinal lamina) 
are disposed on transverse folds in the cervix uteri ; the upper- 
most are narrower and longer ; other series of shorter, broader, 
and thicker folds intervene between them and the jdicated os 
tinea). The longitudinal folds of the vagina are also more de- 
veloped than in the Giraffe. 

In the Rein-deer (Cervus Tarandus), the ovaria are small, 
simple, smooth, ovate bodies, with the larger end attached to the 
fimbriated aperture of the oviduct; this is situated external to 
the ovary, between which and the rest of the oviduct the peri- 
toneum is developed into a wide but shallow sac. The oviduct, 
after a few slight folds at its commencement, is continued straight 
to the uterus. The cornua arc unconnected with each other for 
the first half of their' extent : the first of the cotyledonal pro- 
cesses commences near the orifice of the oviduct, is in the 
form of a com])ressed elongated fold of the lining membrane, and 
extends in the direction of the cornifj with its lower extremity 
projecting free for the extent of half an inch ; the succeeding 
caruncle, which begins where the other ends, is also elongated 
and flattened, but is shorter and broader; the third is much 
shorter, but thicker and broader; the fourth, which is at the 
commencement of the common uterus, is the smallest. The 
caruncles of three other roAvs have similar proportions. In the 
cervix uteri the lining membrane is produced into numerous 
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close-set longitudinal laminre, supported on six successively larger 
transverse processes, the two last of which project into the vagina, 
and form the os tincje. The vagina exhibits at its coininence- 
ment some longitudinal rugaj ; but the rest ot its inner surface is 
almost smooth. 

The cornua uteri in the Goat and Sheep, fig. 546, //, are rela- 
tively longer, more tortuous, and expand more gradually from 
tlie ends of the oviducts than in the Deer and Cow ; their point 
of confluence is marked by the style /. The structure of 
the corpus and cervix uteri resembles that in the Bison. The 
groups of laminae there present the appearance of a number 
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Ovarla, oviducts, and uterus, Sheep. 


of successive ora tincje, ib, c, d. In the virgin Ewe a filamentary 
band, crossing the constriction between the urogenital canal and 
vagina represents the ^ hymen.’ The canals of Malpighi open 
into the urogenital passage, near that constriction. The crura 
clitoridis are embraced by ‘ erectores : ’ the glans projects just 
within the ^ peak ’ of the vulva. 

§ 392. In Carnivora, — In the Seal {Phoca vitulina) the ovaria 
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are incloBcd in the peritoneal capsules, situated close to the ends 
of the cornua uteri. The orifice of the capsule is chiefly formed 
by the fimbriate pavilion. The cornua continue distinct some 
way after they are externally joined together, the actual ^corpus 
uteri,’ or common cavity, being very short. The inner surface of 
the cornua is beset with thick soft eminences, chiefly in the 
longitudinal direction, which fall into longitudinal ridges as they 
approach the corpus uteri. This part opens into the vagina 
on a well-developed round os tincae. The vagina is lined by a 
loose usually longitudinally plicated ifiembrane : it is separated, 
at the immature period, by a well-marked constriction from the 
urogenital canal. The urethra opens into the beginning of this 
canal upon a mammillary prominence. The clitoris projects from 
a small semilunar depression, just withi^i the verge of the anterior' 
part of the urethro-sexual canal : it has an ossicle. The rectum 
terminates close to the opposite side of the vulva, and a common 
cloacal sphincter muscle embraces both apertures. 

In the White Bear ( Ursus mnritimm) the ovaria are com- 
pletely inclosed in a reflected capsule of the peritoneal membrane, 
like the testes in the tunica vaginalis : a small opening, however, 
leads into the ovarian capsule at the part next the horn of the 
uterus. The fimbriated orifices of the oviducts are situated close 
to this aperture : the ducts pass round the capsule in a tortuous 
course to the uterus. The two cornua uteri communicate with a 
short and wide corpus uteri, between which and the vagina there 
appears to be no very distinct boundary; a broad transverse 
rugous projection of the lining membrane holds the place of the 
os tineas. The vagina is separated from the urogenital canal by 
two transverse semilunar folds, continued one from each side of 
the longitudinal eminence upon which the urethra opens. The 
lining membrane of the urogenital canal is chiefly remark- 
able for its dark colour and sharply defined rugae, which are 
mostly longitudinal, but in some places have an oblique or 
penniform arrjingemcnt. The clitoris lies concealed in a deep 
])reputial cavity, attached through its whole length to the 
anterior or under part of the urethro-sexual canal: it Has an 
ossicle. In Ursus lahiatus the inner surface of the cornua uteri is 
marked by obtuse, depressed, irregular processes, on which are 
utricular pores. The body of the uterus offers a very contracted 
area ; it terminates by a small circular papillose ridge in a short 
but wider canal, which traverses a similar but much larger pro- 
minence, or os tineas: these valvular projections are minutely 
plicated. The lining membrane of the vagina presents many 
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small, irregular, transverse rugae at its commencement, but these 
gradually pass into the longitudinal direction at its termination in 
the urogenital canal, which is by a corrugated valvular fold. 

In the Ratcl (^Ratelus mellivorus) the lining substauce of the 
uterine horns is dis])osed in thick longitudinal and oblique folds. 
The os tincae is a double circular prominence. The beginning of 
the vagina is beset with numerous minute obtuse rugie, which 
become larger and more longitudinal as they approach the uro- 
genital canal: into this the vagina opens by a bilobed valvular fold. 
The inner surface of the litogenital passage is smooth. 

In the Bitch the capacious capsules of the ovaria have a small 
aperture at the part nearest the uterus. The fimbriated begin- 
ning of the oviduct is attached to the exterior boundary of this 
aperture opposite the ovarium ; the tube itself passes in a wavy 
course round the anterior part of the capsule to the uterus. The 
cornua are long, slender, compressed tubes, with numerous flat 
eminences on the inner surfiice : they arc joined together exter- 
nally for nearly two inches before they communicate with the 
body of tlic uterus. The interior of this part presents a few 
smooth, longitudinal elevations of the lining membrane. The os 
tinc^jp is a smooth, thick, simple prominence. The true vagina is 
of considerable length, with longitudinal rugae: the urethra opens 
between a small transverse fold and the triangular flattened 
clitoris, beyond which is a second transverse crescentic fold, with 
its concavity opposite that of the preceding. 

In the Civet ( Viverra Clvetta) the ovaria approach nearer 
to the globular form than usual. They are situated in shallow 
capsules, on one side of which the oviduct commences by a large 
elongated aperture. The cornua uteri are long, slender, com- 
})rcssed, straight canals. The corpus uteri is equally simple, but 
very short; the vagina is long, with a longitudinally rugetus 
inner surface. The urogenital canal opens externally on a pro- 
minent vulva, above which there is a semilunar cutaneous de- 
pression, which receives the ducts of two large scent-glands. 

In the Leopard {Felis Leopardus) the ovaria present an elon- 
gated, “elliptical, flattened form, and are attached by one edge to the’ 
ovarian ligament : the peritoneal pouch is large and wide, with 
an opening extending its whole length. In the Hyajna the 
ovaria have a more compact oval form, and are more completely 
inclosed in the peritoneal capsules. The fimbriated aperture of 
the oviduct is extended in the Leopard along one side of the 
margin of the pouch ; the ovary itself forms the opposite boundary. 
In the Hyaena the pavilion forms a smaller proportion of the 
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margin of the capsule. The oviduct runs a short and tortuous 
counse along the anterior part of the ovarian capsule to the horn 
of the uterus: both cornua present, in the unimpregnated Leo])arcl, 
the form of simple, straight, narrow, flattened tubes, witli a 
smooth and even internal surface, and they open into the common 
uterine cavity half-way between their external union and the 
vagina. The os tincse is very prominent, and is beset with 
numerous short papillose processes : in the Hyasna it is not papil- 
lose. The vagina in the Leopard is a narrow canal, with a few 
smooth longitudinal ruga) internally, which terminate abruptly at 
the beginning of the urogenital passage : in the Hyaena the vagina 
is wider with more produced longitudinal folds. The internal 
surface of the urogenital passage is beset with coarse papillae, the 
larger ones being aggregated in longitudinal groui)S ; at its ter- 
mination projects the clitoris : and at the sides of the passage, in 
the Leopard, arc the orifices of two large glands. The prei)uce 
has no ossicle or cartilage in the Viverrine or Feline Carnivora, 

§ 393. In Quadrnmana , — The reappearance of Lissenccphalous 
characters of the female organs in the lowest members j^f the 
present group indicates their derivation and divergence from gome 
antecedent common source. The smooth-brained Lcniuridcc with 
gyrenccihalous proportions of cerebrum show a common utero- 
vaginal elongate cavity, as in certain Bruta, and an external 
perforate clitoris, as in Insectivora, 

In PcrodicticuSy lAclianotua^ OtolienuSy Tarsius and St€no 2 )s 
(both St. (/ravilis and St, tardigradas), the ovaria are small oval 
bodies, in adults often presenting a granulate exterior ; always 
suspended in a depression, which is a rudiment of the capsule of 
the broad peritoneal ligament. The oviducts commence by a 
fimbriated extremity exterior to the ovaries, and pass in front of 
those bodies in a tortuous course to the horns of the uteru^^. 
These are short and wide, and begin by large obtuse extremities ; 
they arc lined by a smooth, thick, and seemingly villous mem- 
brane. After the junction of the cornua the common uterine catial 
presents internally a smoother surface, but begins to fall into a 
number of fine longitudinal rugae: it is continued into the vagina 
without any line or mark of distinction ; the same einbryoiial cha- 
racter, as in Dasypus and Bradypus^ being here persistent. The 
rugae are more strongly developed in this canal, which terminates 
by a round opening, fig. 547, 5, half an inch anterior to the 
rectum, ib, a. Immediately in front of the vagina is the clitoris, 
ib. 6* ; it is a large and prominent body, perforated, like the penis 
in the male, by the urethral canal, which opens upon a glans cleft 
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by a vertical fissure, and inclosed above and at the sides by a 
crescentic prepuce. The urethra is consequently of unusual 
length in these small Qaadrumana^ as it is in Moles and Shrews. 
When the cerebrum begins to show deep and definable gyrations 
a higher type of female organs is indicated. The uterus is differ- 
entiated from the vagina by an os tincie in the Aye-aye, and the 

Moreover the vulva opens 
at about one and a half 
inch distance from the 
vent. The uterine horns 
are relatively longer than 
in most other Lenutridcp., 
The os tineas appears trilo- 
bate through fission of the 
anterior valve or ^ lip.’ 
The vagina shows the 
usual provision for dilata- 
tion in the longitudinal 
folds. The urethral orifice 
defines a urogenital tract 
about one-third the length 
of the vagina : the prepii- 
tium clitoridis opens by a 
transverse crescentic fossa 
anterior to the urogenital 
outlet ; the crura clitoridis 
embrace the urogenital 
passage before uniting, on 
its fore wall, into the body 
of the clitpris : the glans 
is subbilobate.^ 

In the Mongoose and 
other species of true Le- 
mur, the uterus communicates with the vagina upon a distinct 
valvular prominence or os tincse ; but the clitoris is situated more 
within the verge of the vulva than in ChiromySy and is perforated 
by the urethra. The ruga; of the vagina are well developed, and 
are of two kinds ; the stronger ones are longitudinal, in the inter- 
spaces of which' are smaller transverse or oblique folds: these 
assume a penniform arrangement near the outlet. The clitoris is 
inclosed in a large and thick internally plicated prepuce. The 
external labia are continued from the dorsum of the clitoris ; within 
* ccxiii'. p. 97, tab. 3, figs. 2 and 3, 


clitoris is distinct from the urethra. 
517 
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these there are two smaller folds, or ^ labia minora/ continued from 
the sides of the clitoris to the opposite part of the vulva ; and on 
the internal surface of each of these folds there is a thick longitu- 
dinal process of membrane projecting like the ^ caruncula) myrti- 
formes/ into the cavity of the vagina. 

In Platyrhine Monkeys the uterus is long and narrow, with a 
truncate fundus, the angles of which are not produced into cornua : 
it begins to show thicker muscular w'alls. Tlie os tincse is bila- 
biate: the urogenital tract is relatively longer than in Lemur ^ 
equalling that of the vagina. The clitoris is of unwonted lengtli, 
and is pendent outwardly, like the penis of the male, in the Spider- 
Monkeys ( Atclcs) : it is not perforated by the urethra ; this opens 
upon a longitudinal fold extending from the constricted limit of 
the proper vagina to the vulva. 

In Catarhines the urogenital tract is always much shorter than 
the vagina, and the uterus is long and slender. In Papio 
Mormon the distended clitoris is three inches in length : the 
glans is smooth: the inner surface of the proper vagina is 
obliquely and transversely rugous: the external labia become 
much swollen at the heat. In both Baboons and Macacques the 
tunics of the uterus are thinnest at the fundus, the angles of 
which are slightly produced, like a last indication of cornua. 
At the cervix there are seen, besides the longitudinal folds, two 
bulbous processes of the lining membrane ; below these a large 
os tincae, with a remarkably irregular surface, projects into the 
vagina. This canal is lined by a dense epithelium, and presents 
a few large longitudinal, and numerous small, compressed, trans- 
verse and oblique rugae, the margins of which are crenated. A 
transverse line divides the vagina from the urogenital canal, at 
the commencement of which is the termination of the urethra and 
also the orifices of the glandular sinuses, called canals of Gartner 
or Malpighi. In Macacus Silenus, Hunter compares the constric- 
tion with a caruncular prominence at the beginning of the uro- 
genital tract to the ‘ hymen the ^ glans clitoridis ’ is sub-bifurcate. 
In the Green-Monkey and other species of Cercopithecusy the ovaria 
are compressed, and approach the triangular form; the oviducts 
enter the angles of the fundus of a simple undivided uterus : tlie 
cervix uteri is occupied by several irregular longitudinal rugse; the 
internal surface of the vagina presents a few oblique rugje. The 
urethra, in Cere. Sabceus, terminates two-thirds of an inch within 
the vulva, upon a longitudinal prominence, on each side of wdiich 
there is a transverse ridge dividing the vagina from the urogenital 
passage: immediately beyond the constriction there arc several 
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small .oblique plications of the lining membrane. The* clitoris is 
imperforate ; on each side of it there is a tumid process of integu- 
ment, making a kind of prepuce. From these processes two 
ridges pass backward to the sides of the vulva, of which they 
constitute the labia, and between these there is a groove running 
from the clitoris to the urethro-sexual canal. In the tail-less 
Apes the fundus uteri acquires increased breadth ; the general 
walls are thicker than in Monkeys ; but the entire organ is longer 
and more slender than in the human subject. 

§ 394. In Bimana , — The ovaria of the adult feniale are oval, sub- 
de])ressed bodies, fig. 548, /, suspended by the layers of peritoneum 
continued from their surface to the ^ broad ligament,’ within which 
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Ovary and oviduct, Iluttiiiti ; nat. size. CCXLVI". 


is a cord of sclerous tissue passing from the uterine end of the 
ovary to the womb, and called Migamentum ovarii,’ ib. A: a pro- 
cess of the pavilion connecting these to the opjiosite end of the 
. ovary is called ^ tubo-ovarian ligament,’ ib. e. The depression of 
the ^ broad ligament ’ between ovarium, /, and oviduct, c, shown 
by raising the former, answers to the ‘ capsula ovarii ’ of lower 
Mammals. The anterior surface is less convex than the posterior 
one: The ovisacs expand in a dense tissue or ^ stroma,’ fig. 534, in- 
closed in a sclerous tunica albuginea: with the adventitious tunic 
which the ovisacs derive in their enlargement from the stroma, 
they form the cavities called ‘ Graafian vesicles.' In tlie young 
adult female the surface of the ovary is smooth: it afterwards 
becomes scarred by the cicatrices of ruptures caused by discharges 
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of ova, of which a recent instance had occurred in the ovarium, ' 
fig. 549. 

The remnant of the Wolffian body, notieeable in most lower 
Mammals in the form of a 
group of parallel wavy tu- 
bules extending from the 
ovary between the layers of 
the broad ligament, is con- 
stantly present in the human 
subject, and is termed ^ paro- 
varium,’ fig, 550, «, 5, c*, dy 
the terminal cascurn becom- 
ing enlarged, as at f, to form 
the so-called ^ hydatid ’ of 
the broad ligament : con- 
tiguous ca3ca, 5, have a tendency to become dilated : those at 
the opposite end become atrophied, d, as does likewise the 
duct e, the terminal portion of which, known as ^ Gartner’s canal ’ 
in lower Mammals, can seldom be recognised in the human 
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female. The ‘ pavilion ’ or abdominal aperture of the oviduct 
(‘Fallopian tube,’ Anthr., fig. 548, d) is richly provided with a 
fringe of Irregularly crenate folds radiating from the beginning of 
the canal : the duct dilates beyond this orifice, akd then gradu- 
ally contracts to almost capillary minuteness : the surface of thb 
lining membrane of the tube is augmented by the folds continued 
from the fimbria?, and chiefly longitudinal in directio^J these 
subside about an inch from the uterus, where the oviduct,^, again 
begins slightly to dilate : where it entera the uterus the longitu- 
dinal impressions terminate abruptly : the epithelium of the linii^ 
VOL. iir. "" z z 
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‘ membWiie is 6iliate. Such is the structure of the human oviduct, 
as. §how.ii,in the preparation. No. 2823, a, xx. vol. iv. p. 189 ; but 
thCre^ are varieties, as in fig. 550. A remnant of the primordial 
oviduct, or ^ duct of Muller,^ is constant, in the form of the 
pedunculate hydatid, fig. 550, i. 

The human uterus, of the shape and dimensions shown in the 
sections, figs. 551 and 552, is more compact, more muscular, than 
in Quadrumana^ has a broader and more convex fundus, a more 
'marked constriction between the incubating and transmitting parts, 
and these are more distinct in their respective structures. The 
former, fig. 551, we, which is analogous to and homologous with 
651 652 
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the ‘comua uteri’ of brutes, is termed, in Anthropotomy, the 
‘body’: the part, ib. e c, ^hich answers to the ‘ corpus uteri in 
fcufes, fig. 546, h c, d, is termed ‘ cervix uteri. ihe relations 
above enunciated receive an interesting confirmation i" 

«asional anomaly of the human uterine structure shown m fig. 541. 

The enlargement for the lodgment of the foetus and its appeti- 
dao'esls limited to the incubatory part, the inner surface of which 
in theHnimpregnatei wwnb is smooth, and by contact closes the 
cavftf, as at i, fig;-552. The cervix, i,p, has its inner surface in- 
creased by.mnuerous plicate folds and furrows ; in many instances 
diverging from an’ anterior and posterior medial longitudinal 
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CHAPTER XXXVIIL 

GENERATIVE PRODUCTS AND DEVELOPMENT OF MAMMALIA. 

As the leading forms of the Mammalian spermatozoa have been 
already given, and as their development does not differ in any 
essential degree from the process described in Vol. 1. pp. 589-592, 
I proceed to notice the correlative act which is truly characteristic 
of the present class. 

§ 395. Ovulation in Mammalia . — The ovum in Mammals, 
characterised by its extreme minuteness, was recognised soon 
after the microscope came into use. De Graaf * (1672) discovered 
it in the oviduct of the Rabbit. Haller,* unsuccessful in this 
quest, lent his authority to discredit the statements of the Dutcli 
anatomist; but Cruikshank^ (1797) confirmed and established 
their accuracy. Nevertheless, up to 1824, the Mammalian ovum 
was known only as it appeared in the oviduct. 

Prevost and Dumas, indeed, twice detected a less pellucid 
spherical corpuscle, a millimeter in diameter, in the ovarian or 
Graafian fSllicle, and deemed it very probable that thence was 
derived the oviducal ovule.'* Von Baer (1827) raised the proba- 
bility to scientific certainty by a series of observations of the 
ovarian ovum, made in the Bitch, Cow, Sow, Ewe, Rabbit, and 
also in the Human female. He deemed, however, this ovarian 
ovule to answer, not to the entire ovum of lower Vertebrates, but 
to the ^ germinal vesicle ’ of such ; the fluid of the Graafian 
vesicle he homologised with the * yolk,’ and its lining membrane 
with the ^ membrana vitclli,’ so that the ‘ Graafian vesicle ’ was 
still to Von Baer, as to Prevost and Dumas, the ^ovum of the 
ovary.’ ^ Soon followed, however, an almost simultaneous series 

* CCI.Vl". * CCLVU'', * CCLTIXl". * CCLIX". 

* * Vesicula ergo Graafiana cum ad ovarium gcneratiniqu^^ ad. corpm^maternum 
Tpspiciamust ovum sane est mammalium. Sed evohitionem quod attinot, vehemenier 
discrepat a roliquorum ovo animalium, quorum ovi nucleus integer ex ovario devo- 
hitur, fetui nascituro non sedein tiintum praebiturus sed in ipsuin pbtius fetum trans- 
formandus. In mammalibus vero vesicuta innata vitellum magis excultum continot 
et ratione ad fetum geniturum hahita vtfum Mse ffohat ovum, Ovo fet&h did possU 
in ovo materno. Mammalia ergo habent oTum in ovo auti^ ei hac dicendi formula uti . 
1 ieefc, ovum in secunda potentia.' — P. 32. * Quapropte^ itt vesicula Ormifiana desevibeuda 
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of observations' by which the ^ germinal vesicle,’ the ^ germina 
spot,’ the yolk, and yolk-membrane, were determined in the 
minute opaque sphere ; and thus was the ovarian egg of the 
Mammal finally made known. 

The ovisac and ovum appear later in the ovary than do the 
seminiferous tube and spermatoon in the testis. The first-formed 

elements in the fetal ovary are 
those called ^ cells ’ and ^ cell- 
nuclei ’ : next appear roundish 
groups of such primary cells, 
rather more opaque than the rest 
of the previously uniform mass, 
fig. 555, A. A film soon conden- 
ses round these purposive groups, 
ib. B, upon the inner surface of 
which forms an epithelial preci- 
pitate from the fluid and granules 
of the interspaces of the contained 
primary cells : within the ^ ovisac ’ 
thus formed a larger nucleate cell 
becomes visible, which is the be- 
ginning of the ovum. As the ovi- 
sac expands the proportion of fluid 
to the formified particles increases, 
and the latter are attracted to the 
contiguous surfaces, some to that 
of the ovisac, which thus becomes 
lined by a thicker layer of cells, 
others to the ovum, accumulating 
around it. With the enlarge- 
ment of the ovisac, the ^ stroma 
ovarii ’ condenses around its deli- 
cate membrane, fig. 556, h, to form 
the ^ theca folliculi ’ of Baer. 
This vascular covering of the 
ovisac, ib. a, with the proper 
wall, ib. />, constitutes the ^ Graafian vesicle or follicle.’ The 
stratum of nucleate cells lining the ovisac is termed ^ membrana 



Ponnatlon of tlie ovisac. Dog. C0LXI'^ 


TOCO ovidi soraper usus sum, quia vcsicula Graafiana ipsa ovum refert, respecto 
ovario, ex ovulo autom, fit ovum fotalc/ ... * Ex quo concludo: quo diutius in corqxjre 
muterno fetus joveiitiiri eo magis jam frimittis exculia videtur ovi vesicula innata, quae 
in mammalihus eo pervenit ui omms ovi virtntes in sese recipiat it reliqu(s ovi pmtes 
parvi momenti extraneee quasi fiant' ccxijx". p. 33. [The italics are V. Baer’s.] 
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granulosa/ those which surround the ovum itself form the ^ pro- 
ligerous disc/ ib. e, and the mass of cells thereto adhering is the 
^ cumulus/ The ^ hyalinion/ or proper tunic of the ovum, thickens 
into the clear substance called ^ zona 
pellucida,’^.^ The cells immediately 
around the ovum, as it ripens, elongate 
and become pyriform, with the pointed 
end attached to the ^ zona ’ : those of 
the cumulus diverge irregularly into the 
fluid intervening between them and the 
^ membrana granulosa ’ of the ovisac : 
but the four groups, defined by Barry* 
as ^retinacula/ ib. and fig. 559,^ 

2 , may be an exceptional disposition. 

The ripe ovarian ovum, freed from 
its cellular precipitate, fig. 557, is inclosed in the thick trans- 
parent structureless ^ hyalinion,’ a : its vitelline contents are 
opaque tlirough the abundance of granular yolk-substance, hi 
in this is the ^ germinal vesi- 
cle,’ with its nucleus or ^ ma- 
cula,’ ib. c : it is more readily 
seen when tlie yolk is dis- 
charged from the ruptured 
ovum under pressure, as at 6. 

§ *396. Ovijjont, — The ma- 
turation of ova*occasions the 
^ rut ’ or ^ heat ’ : 
brutes it is 


GraaQuii vesicle and ovum, Rabbit ; 
iwign. cix. 
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many 
annual ; in the 
Ferret twice a year; in the 
domestic Babbit, Cat, Hog, 

Bitch, it may recur three 
times a year or oftener : in the Human female it is menstrual. The 
number of ovisacs and ova which ripen at each rut varies accord- 
ing to the multijiarity or uniparity 
of the species ; in the Sow, e.g. fig. 

558, there may be from four to six or 
more in each ovary ; in the Orni- 
thorhynchus, fig, 566, there are two 
only, and these limited to the left 
ovarium ; in the Human female 
there is rarely more than one. The 
rut involves a determination of 

As licrc sliowii it lookvS like a 'zone;’ but is a bag, not a belt. 
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blood to the ovarium, and especially to the swollen ovisac and ite 
adventitious coverings : a thinning of iiJiese takes place at the 
most prominent part, to which the ovum tJnds : blood is extrava- 

sated into the ovisac, which, 
partly by absorption, partly 
by pressure, yields and gives 
issue* to the ovum, fig. 559. 
This happens whether the 
male have access to the fe- 
male ill heat or not. In tlie 
Human kind the ovipont 
concurs with and probably 
occasions the menstrual dis- 
charge.* The unimpregnated 
ovum may escape, as an 
impregnated one has some- 
times done, into the abdo- 
minal cavity : but, save that 
it probably perishes in its 
normal progress outward, it 
might be said that a woman lays an egg every time she men- 
struates — an egg resembling in all essential struckires that of 
the bird, but not exceeding yj^rth of an inch in diameter.^ Some- 
thing like a sanguineous discharge has been observed in Qua- 
drumana ; but the more constant concomitant of the rut in that 
order is the swelling and vascularity of the exl:ernal parts of 
generation. In the Mare an opaque white secretion is ejected 
vulvam at the heat. ^ 

§ 397. Corpus luteunu — After the escape of the ovum, with 
other contents of the ovisac, the walls of that cavity become 
thickened and altered in colour : in most Mammals they are 
partially everted at the ruptured orifice, fig. 566, by h. In the 
Cow and Sheep such altered ‘ Graafian follicle ’ assumes a brick- 
rtd colour; in the Sow a yellowish brown; and in the Woman 
the brighter colour led to its being called a ^ corpus luteum.’ In 
her the walls of the distended ovisac, compressed by the tunica 
albuginea and surrounding stroma, are thrown into delicate folds, 
fig. 560 : the blood-clot which may have remained after the 
escape of the ovum is progressively absorbed. The plicated 
ovisac then contracts upon the cavity, and by the time the suc- 

* CCLIIl". CCLIV". CCLV". 

* In cccviii. the diameter of the mature ovarian ovum is given, as being, in man 

dog cat rabbit niousc pig 5^, cow jlj,, guinea-pig of an incii . 
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ceeding ovisac with the ripening ovum has begun to protrude 
from the surface of the pvary, the old ovisac has lost its yellow 
colour, with much of tts size, and has retired inward. This move- 
ment, with the collapse of the wall, depresses the cicatrix of the 
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aperture ; and by these successive shrinkings and cicatrisations 
of the burst ovisacs, the ovary becomes marked by pits and fur- 
rows in advanced life. If the expelled ovum be not impregnated, 
the changes, of the ovisac into the yellow convolute cavity, then 
into a small white stellate body, may occupy two months in the 
Human object ; but, if the maturation of successional ova be 
delayed by impregnation and its consequences, the first change 
goes on to a greater degree, and the ^ corpus liiteiim ’ is not obliter- 
ated in less time than from thirteen to fourteen months ; the 
inner coat, or original ovisac, is more thickened by a larger de- 
posit of yellow oil-granules ; 
it becomes more deeply pli- 
cated, Is then compacted into 
a yellowish mass, and gains an 
adventitious white lining mem- 
brane, fig. 561. Rarely until 
after full gestation and deli- 
very is the cavity obliterated : 
it is then represented by a 
stellate III! ear figure surround- 
ed by the * corpus luteum,’ 
which is ultimately absorbed. 

§ 398. Im^yregnation . — After coitus the spermatozoa find their 
way to the Fallopian tubes, or. oviducts, and might come 
into contact with the ovarian ovum, through the opening in 
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the ovisac, pi-ior to its expulsion, I'ut tl\cy Ui\>c utNe* V>eon 
traced so far. They were first seen, \)y liWXUY^ \o 

have penetrated the ^ zona pciliicida,’ in a Rahbit^s oviducal ovum, 

fig. 562. Mo definite single pore or 
‘ mieropyle ’ for the entry of the sperina- 
tozoon has been detected in that delicate 
evanescent tunic of the Mammalian ovum. 
The ‘germinal vesicle/ or ‘.germ-cell,’ 
disappears as such. A somewhat more 
opaque ‘ embryonal cell ’ succeeds, which 
may be, or includes, a combination of the 
nuclear matter of the sperm-cell with 
that of the germ-cell. Then follow 
the initial steps, figs. 563-565, which 
Barry’s capital discovery showed to be the same essentially 
in Mammals as in all lower animals ; and the entire yolk under- 
goes the cleavage-process in its combina- 
tion with the progeny of the embryonal 
cell. Most of these initial steps are taken 
in the course of the impregnated ovum 
through the oviduct. 

While in this narrow tube the ova are 
rolled to and fro by its peristaltic actions 
in a transparent fluid more or less* abound- 
ing with spermatozoa; and the more of 
these get access to the yolk the more 
certain and complete is its segmentation. 
With the formation of the embryo-cell 
the yolk becomes se])arat3d by fluid from the ^ zona pellucida,’ 
and begins to rotate therein, as indicated by the arrows in fig. 

562 ; one or two minute granular or oil- 
like bodies may appear in the surround- 
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ing fluid. ‘ 


A division of the primary embryo-cell, 
^with mutual repulsion of the two second- 
ary ones, is followed by cleavage of the 
entire yolk, through attraction round each 
secondary cell, fig. 563, of the parti- 
cles contiguous thereto. A repetition of 
this process issues in the four divisions of 
the germ-yolk, fig. 564 ; then in the eight, 
as in fig. 565 ; and so on until the whole is worked up into a 

' ccLXi", ccxLiX. for tlic same phenomena in Accpliala {Unto ami Anodon), p. 526; 
in GasLropoils, p. 566. 
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mass of finely nucleate corpuscles ; amongst which the qualities 
of the parent embryo-cell, due to impregnation, arc thus equally 
distributed. 

The eightr fold cleavage of the yolk has been observed three days 
after impregnation in the Rab- 
bit, four days in the Guinea- 
pig, and ten days in the Bitch : 
always in ova toward the ute- 
rine end of the Fallopian tube. 

In the Bitch the smooth 
surfiice of the zona pellucida 
becomes irregularly flocculent, 
as if a granulo-mucous sub- 
stance had been deposited 
thereon : in the Rabbit the 
ovum acquires a thick adven- 
titious layer of albumen, fig. 

565, before entering the ute- 
rus : in the Guinea-pig the 
zona continues smooth ; and, 
after entering the uterus, on the fourth day, it grows fainter as 
the mulberry state of the yolk is there attained, and it disappears 
when the germ-mass is completed. The act of impregnation being 
thus consummated, ulterior changes with manifold modifications 
attend the development of the ovum in different Mammalia. 

§ 399. Development of Monoiremata , — The ripe ovarian ovum, 
though large in proportion to that in higher, especially placental. 
Mammals, is very much less than in Birds or Reptiles. Its 
external coat is thick, smooth, highly refracting — a true ^ zona 
pellucida ’ : the germinal vesicle is ^^^th of an inch in diameter : 
the larger proportion of vitelline matter, rich in granules and 
oil globules, is the chief distinctive character of the inono- 
trematous ovum as a Mammalian one, I found two ovisacs 
with such mature ova in the left ovary of a female Ornithorhyn- 
chus, killed in September. In a specimen killed on the 6th 
of October (Yas River, New South Wales), the left ovary pre- 
sented two discharged and altered ovisacs. The ova from these 
were situated at the upper part of the left uterus, and at the 
distance of about a line from each other. Each was spherical, 
and measured two lines and a half in diameter ; the germ -mass, 
originally pale, had deepened to a yellow colour in the preserving 
liquor. The outer tunic had received no adventitious covering, 
but retained its smooth and polished exterior, and had not con- 
tracted afiy adherence to the uterine parietes. Each ovum was 
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imbedded in the soft, thick, plicated, smooth-surfaced, and well- 
organised lininty membrane of the uterus. In a second Ornitho- 
rhynchus, shot in the same locality, on the 7th of October, the 
ova, fig. 56G, c, c, from the two discharged ovisacs, ib. h, h, were 

situated a little below 
the middle of the left 
uterus ; they were also 
spherical/ each three 

lines in diameter, of a 
lighter colour than the 
preceding, sj^ecially at 

the upj)er part, from 

the subsidence of the 
contained vitelline or 
germinal mass : they 
were smooth, and rolled 
freely out of the posi- 
tion where they were 
lodged. In a third 

Left utrriia iniim'gnatcd, Onilthorhynchiis. t.XXVil'. _ - 

specimen, shot on the 
evening on which the first specimen was obtained, the uterine ovum 
had the same spherical form, smooth exterior surface, and freedom 
from connexion with the uterus ; but was of a lighter colour, owing 
to the increased quantity of its fluid contents, to which its greater 
size was chiefly attributable. It measured three lines and a half in 
diameter, and was situated in a depression or cell a little below 
the middle of the left uterus. The lining membrane of the 
uterus was mucli thickened and highly vascular in each of the 
above specimens. In all these ova the contents were of two 
kinds, viz. a greyish sub-trans 2 )arent fluid, and a yellowish denser 
mass, which varied in their relative proportions as above-men- 
tioned : in the largest ovum, the yellow mass, germ or yolk, 
occupied about one-third of its cavity, while in the smallest it 
constituted four-fifths of the whole mass. The membrane, which 
may be the hyalinion or ^ zona pcllucida’of the ovarian ovum, but 
which 1 would still, as in 1834, call ^ chorion,’* offers a moderate 
degree of resistance Avheii torn open, and yields equally in every 
direction when separated from the yolk, the rent margins curling 
inwards like the coat of an hydatid. This membrane is of a dull 
greyish colour, inclining to brown, slightly transparent, and more 
polished upon its inner than upon its outer surface. The fluid, 

* This term signifies the ‘outer tunic ^ of the uterine ovum: it may be ‘zona’ or 
something laid upon the zona, or something superseding the zona, such as the animal 
laj'er of tlic blastodorma, or the outer or vascular layer of the allantois. 
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answering to that which appears between the yolk and zona pellu- 
cida after impregnation in the Kabbit’s ovum (fig. 562, marked by 
the arrows), occupies a situation analogous to that of the albumen* 
in tlie egg of the fowl, but had not become coagulated by the action 
of the spirit in which it had been so long immersed : it divides 
the chorion, fig. 567, «, from the vitelline membrane, ib. h : this 
membrane, fig. 568, «, is thin, smooth, 567 

and transparent ; adherent to parts of 
its inner surfiicc was a thicker granular 
layer, answering to the ^ blastoderm,’ 
or germinal stratum, fig. 568, h. In 
each of the above impregnated Mono- 
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tremes ^ the discharged ovisacs, fig. 

566, 5, />, were of an elongate flask- 
shaped form, about three lines in 
length, and two in diameter, with the 
margins of the orifice, through Avhich 
the ovum and granular substance had 
passed, everted, with a slight contraction, resembling tlie neck of 
a flask, below the aperture. On compressing these ovisacs, small 
])ortions of coagulated substance escaped. 

When longitudinally divided, they were found 
to consist of the same parts as the ovisac 
before Impregnation ; but the theca, or inner- 
most parietes of the sac, was much thickened, 
and encroached irregularly upon the empty 
space, so as to leave only a cylindrical passage 
to the external opening. 

On the 8th of December Dr. Bennett dis- 
covered in the subterranean nest of an Orni- 
thorhynchus three living young, naked, not (piitc two inches in 
length, fig. 600. On the 12th of August (1864) a female 
Echidna hystrix was captured in the hollow of a prostrate 
‘ cotton tree,’ in Colac Forest, Victoria Province, Australia, 
having a young one, fig. 603, e, with its head buried in, a mam- 
mary or marsupial fossa, ib. c. This young one Avas naked, of 
a bright red colour, and one inch tAvo lines in length. BetAveen 
the condition of the uterine ovum, as in fig. 567, and that of the 
(probably new-born, or recently born) young Monotremes, above- 
mentioned, I have not hitherto received materials for further 
elucidating the development of the foetus in this singular group of 
Mammals : whether cleavage of the yolk takes place prior to the 

* 1.XXVI1'. I WHS indebted to my old friend and fcllow-studont, Georoe Bexkett, 
now F.ll.S, for the above mentioned specimens. 
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entry of the ovum into the tilerus still remains a matter for 
observation. The young of both Ornithorhynclius and Echidna 
)vill be described in the chapter on the Mammary organs. 

§ 400. Development of Marsupialia. — On the 27th of August 
(18*13), a female Kangaroo {Macrojms major), captive in the 
Gardens of the London Zoological Society, received the male. 
She stood with her fore-paws off the ground; the male mounted, 
more canino, embracing her neck with his fore-paws, and retained 
Jus hold during a full quarter of an hour : during this period the 
coitus was repeated three times, and on the second occasion much 
fluid escaped froii\ the vulva. The male was removed from the 
female in tlie evening, qf the same day, and was not afterwards 
admitted to 'her. On September the 2nd, six days after the 
coitus, I examined the pouch of the female ; and this scrutiny was 
repeated every morning and evening until the birth of the young 
Kangaroo had takto })lace. It happened in the night of October 
4, ’'thirty-eight days after the coitus. On the morning of the 5th 
of October, I found the young in the pouch, pendant from the 
tip of the left upper nipple, of the size and shape shown in fig. 
606 ; it will be described in a subsequent chapter. 

The ovarian ovum, in the Kangaroo, agrees in all essential 
points with that of placental Mammalia : the main modification 
is the greater proportion of vitelline substance, and the smaller 
proportion of the surrounding fluid in the ovisac. In a female 
Macropus Parryi, the ovum from the largest ovisac of the left 
ovarium measured ^ diameter, the gel*minal vesicle 

^^-^th of a line in diameter. We arc at present ignorant of the 
changes that take place in the development of the ovum between 
the period of impregnation until about the twentieth day of 
uterine gestation. At this time, in the great Kangaroo (Afez- 
cropus major), the uterine foetus, fig. 537, measures eight lines 
from the mouth to the root of the tail ; the gape of the mouth is 
wide ; the tongue large and protruded, fig. 569 ; the nostrils are 
small round apertures ; the eyeball is not yet wholly defended 
by the palpebral folds ; the visceral cleft reduced to the meatus 
auditorius externus is not provided with an auricle ; a posterior 
cervical fissure was either unclosed, or the delicate cicatrix had 
given way in the manipulation of the foetus. The fore-extre- 
mitics are the largest and strongest ; they are each terminated 
by five well-marked digits ; those of the hind legs are not yet 
developed. The tail is two lines long, thick and strong at the 
commencement ; impressions of the ribs are visible at the sides of 
the body : the membranous tube of the spinal marrow may be 
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traced along the back between the ununited elements of the 
vertebral arches ; posterior to the umbilical cord there is a small 
projecting penis, and behind that, on the same prominence, is the 
anus. This foetus and its appendages were enveloped in a large 
chorion, ib. z, puckered up into numerous folds, some of which 
were insinuated between folds of the vascular lining membrane 
of the uterus, but the greater portion was collected into a 
wrinkled mass. The entire ovum was removed without any 
opposition from a placental or villous adhesion to the uterus. 
The chorion, fig. 567, «, was extremely thin and lacerable, and 

showed no trace of villi on the outer surface. The membrane, 
ib. b., extending from the umbilicus to the inner surface of the 
chorion, was highly vascular. The foetus was immediately enve- 
loped in a transparent amnios. On turning tl^ chorion away from 
the foetus, it was found to adhere to the vascular membrane ; but 
they could be separated from each other, without laceration, for 
the extent of an inch ; at this distance from the umbilicus the 
adhesion was closer : and here the umbilical membrane termi- 
nated in a well-defined ridge, formed by the trunk of a blood- 
vessel. When spread out, as at by by fig. 569, its figure was that' 
of a c6ne, of which the apex was the umbilical cord, and the 
base the ^ vena terminalis.’ Three vessels diverged from the um- 
bilical cord and ramified over it. Two* were continuations of 
the terminal or marginal vein : the third was the arterial trunk. 
The amnios, ib. c, was reflected from the umbilical cord, and 
formed, as usual, the immediate investment of the foetus. 

The umbilical cord measured two lines in length and one in 
diameter ; besides the three vessels above-mentioned, it included 
a small loop of intestine ; and from the extremity of the latter a 
filamentary process was continued to the vascular membrane. On 
tracing the contents of the cord into the abdomen, the two larger 
vessels, filled with coagulated blood, were found to unite ; the 
common trunk then passed backward beneath the duodenum, and 
after being joined by the mesenteric vein, went to the under 
surface of the liver, where it penetrated that viscus : this was con- 
sequently an omphalo-mesenteric or vitelline vein. The artery 
was a branch of the mesenteric. The membrane, therefore, upon 
which they ramified answered to the vitellicle, i. e. the vascular 
and mucous layers of the germinal membrane, which spreads 
over the yolk in oviparous animals, and which constitutes the 
so called ^umbilical vesicle’ of the embryo of placental Mam- 
malia. The filamentary pedicle which connected this membrane 
to the intestine was given off near the end of the ileum. 
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At a \ater period of viterlne development, when the foetus, 
measured in a straight line from the mouth to the root of the 
tail, is ten lines in length, the urachus expands into a small 
allantois, lig. 569, d, of a flattened pyriform figure, and finely 

569 



Uterine fmtus, membranes and appendaKc s, 2>!iu'ri.pHH nuijor. (Tlic foelns is magnincd twice the 

natural size.) 


wrinkled exteiuial surface. This bag insinuates itself between 
the amnios and chorion, carrying along with it two small hypo- 
gastric arteries and a vein, but not establishing by their means an 
organised and vascular surface of the chorion by which a placental 
attachment is formed between the ovum and the womb. The 



DEVELOPMENT OF MARSUPIALIA. 


721 


allantois depends freely from the end of the umbilical cord, and 
has no connection at any part of its circumference Avith the 
adjoining membrane. Its office, as in the Batrachia, is apparently 
limited to that of a receptacle of urine. The vitellicle or ‘ um- 
bilical vesicle ’ presented the same large proportionate size and 
vascular structure as in the first described foetus. The chorion 
which enveloped this fietus and its appended sacs was adapted to 
the cavity of the uterus by being disposed in innumerable folds 
and wrinkles. It did not adhere at any part of its surface to tJie 
uterus, but presented a modification not present in the chorion of 
the earlier foetus, in being partially organised by the extension of 
the omphalo-mesenteric vessels upon it from the adherent vitel- 
. licle. The digits of the hind legs were distinctly formed in this 
embryo. 

In some smaller kinds of Kangaroo an ovum from each ovary 
may be impregnated, and two embryos be simultaneously deve- 
loped. ^ 

Rcngger gives the following account of the generation of a 
species of Opossum {Didelphis Azarce) : — ^ The foetuses are deve- 
loped in the cornua uteri, and not in the lateral canals. Some 
days after impregnation they have the form of small round gela- 
tinous corpuscles, which do not appear, even Avhen examined Avith 
a lens, to have any communication with the mother, but a rod 
line indicates the first commencement of development. ToAvards 
the end of gestation, Avhen the foetuses have attained the length 
of six lines, they are seen to be enveloped in a membrane and 
provided with an umbilical cord, which is united to the uterus ’ 
(chorion ?) ^ by the medium of many filaments. The head, the 
four extremities, and tail are recognisable Avith the naked eye, 
but those foetuses which are nearest the Fallopian tubes are 
generally least advanced. In gestation they make the circuit of 
the lateral canals, in which they are found to be deprived of their 
foetal envelopes, and to haA^e no communication with the parent 
by means of the umbilical cord ; Avhilst one foetus Avas found in 
this situation, two others Avere still in the body of the uterus ’ 
(vaginal cul-de-sac ?), ^ from Avhich the umbilical cords Avere 
not yet detached. At this period a slight enlargement of the 

' Two have not been found in the same uterus. Mr. Collie, Surpjeon, R.N., states, 

‘ I have just now procured gravid uteri (of the Macropits Brim ii) in w'hich two foetuses 
seem to be arrived at, or very near to, the termination of the period of gestation. 
One of them, which was about one-half larger than the body of the common wasp, has 
protruded through an opening inadvertently made in the uterus, and is distinctly seen 
through its transparent membranes and the liquor amnii.’ — ‘ Zoological Journal,' vo). 
v. p. 240. 

VOL. Iir. 3 A 
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uterus and lateral canals was the only cliange perceptible in 
them.’ ^ 

As accomj)lished Naturalists continued to believe and atfirm 
that the young of the Marsujnalia quitted the womb and were 
received into the pouch ^ in the condition of a gelatinous ovum 
comparable to a Medusa/ * I deemed it requisite to anatomise 
the rare instance of the uterine foetus of the Kangaroo, in order 
to demonstrate tlie conditions of the respiratoiy, circulating, 
digestive, and renal systems. ‘ From the cascum, which was 
given off from the returning portion of the umbilical loo]) of tlie 
intestine, the large intestine jiassed backwards to the spine, and 
was then bent, at a right angle, to go straight down to the anus. 
The stomach did not present any appearance of the sacculated 
structure so remarkable in the adult, but had the simple form of 
a carnivorous stomach. The liver consisted of two large equal 
and symmetrically disposed lobes. The vena portie was formed 
by the union of the vitelline with the mesenteric veins. The 
diaphragm was perfectly formed. The vena cava infeinor was 
joined, above the diaphragm, by the left superior cava, just at its 
termination in a large right auricle. The ventricles of the licart 
were completely joined together, and bore the same proportions 
to each other as in the adult, — a perfection of structure which is 
not observed in the embryos of ordinary Mammalia at a corre- 
sponding period of development. The pulmonary artery and 
aorta were of nearly the same proportionate size as in the adult : 
the divisions of the pulmonary artery to the lungs were at least 
double the size of those observable in the embryo-sheep three 
inches in length : the ductus arteriosus, on the contrary, was 
remarkably small. The aorta, ])rior to forming the descending 
trunk, dilated into a bulb, from which the carotid and subclavian 
arteries were given oif. The lungs were of equal size with the 
heart, being about a line in length, and nearly the same in 
breadth : they were of a spongy texture and of a red colour, like 
the veins, from the quantity of blood they contained. This pre- 
cocious develojiment of the thoracic viscera is an evident provision 
for the early or premature exercise of the lungs as respiratory 
organs in this animal; and on account of the simple condition of 
the alimentary canal, the chest at this jieriod exceeds the abdomen 
in size. The kidneys had the same form and situation as in the 
adult. The supra-renal glands were half the size of the kidneys. 
The testes were situated below the kidneys, and were one-half 

* From tlie Analysis of Rongger’s ‘ Saugethiere von Paraguay’ in the Bulletin des 
Sciences Nat. tom. xxi. p. 469. 

* ccrxiv". p. 342. 
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larger than those glands, the superiority of size depending on 
their large epididymis, with the adherent remains of the Wolffian 
body. They continue within the abdomen for six weeks after 
uterine birtli.’* The nervous system alone is embryonic, fig. 585. 

§401. Development of Lissencephala, — In L,y encephala, of which 
the uteri undergo least change of dimensions during the charac- 
teristic brief gestation, those tubes have the definitely organised 
and persistent lining membrane described, pp. 679, 685. 

In the jdacental Mammals of which the uteri undergo wholly 
or locally great and rapid changes of size and capacity the lining 
of the incubatory part is less differentiated. In some it is but 
remotely allied to the class of membranes called ^ mucous ’ : canals 
so lined are habitually traversed by the matters they have to 
convey. The transmitting function of the womb is seldom exer- 
cised in the course of life, with long intervals of rest : its lining 
has a higher, organising, office : it differs from mucous mem- 
brane in the absence of ^ submucous ai’eolar tissue ’ (p. 439, 
fig. 361, c, r/), or any such medium of connection with, or recep- 
tion of, vessels from the 
muscular coat : it is a 
pulpy substance, in which 
corpuscles or nuclei a- 
biindantly, and fibre-cells 
more sparingly, formify : 
it receives directly from 
the fleshy substance of the 
womb its vascular sup- 
ply ; and is perforated by 
the minute canals, spar- 
ingly exuding fluid, termed ‘ uterine or utricular glands.’ A cili- 
ate ej)ithelium may be distinguished on the free surface in most 
Mammals ; non-ciliate cell-deposit occupies more or less of the 
^ utriculi.’ These, in fig. 570, are indicated by the pale tortuoiis 

1 i-xxv'. p. 337 (1834). Siicli is the diffieully of giving up ;i strange or ‘ telling’ state- 
ment, wliicii has once gained currency, that 'svo read: — Lcs pet its nc sc devclo}>pent 
pas comme d’ordinaire dans la poche utt^rine, inais sont proniptcnient expuls^s aii 
d(diors, et iiaissont dans iiii <.Hat d’impcrfection telle qiion no i)eiit les comparer qu*a 
dcs einbryons a poine ebauch^.s. Ce sont dcs petits corps gelatlneiix, iiiformcs ct 
incnpables do niouvemont, dont les divers organcs ne sont pas encore distincts, etdont 
rexistence scrait impossible si la nature u’avait assart leur conservation par des 
inoyons partienliers.’ cclxv". Even M. Pouchet, usually so conscientiously accurate, 
writes: — ‘Le produit de la generation qui, en arrivant la {the povch)^ n’est qu’un simple 
ovule encore baigne do fluidca albuinincux, se trt^uve pose sur lcs teiincs.’ (ccxci". 
p. 282, 1841). My obsfU’vations on the Kangaroo were conllrmcd by (hose of Meigs 
on the Opossum (ccxxxvin". 1817). 
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lines a b\ the dark fine lines represent injected capillaries, con- 
tinued directly from the fibrous walls of the uterus, a c. Such 
pulpy vascular substance, compared by John Hunter to 
‘ coagulable lymph, is rapidly formed, rejidily shed, speedily 
renewed : it grows with the needs of the growing embryo or 
fretus, as the medium for bringing into requisite relation with the 
circulating system of such the mother’s blood. 

In the uterus with a non-caducous and well-organised lining 
membrane the chorion or outer coat of the ovum continues 
smooth and unvascular, at least, until the foetus and appendages 
have advanced to the degree shown in fig. 569. But in the 
deciduate type of lining substance there is a reciprocal preparation 

of the chorion for intimate 
connection therewith in tlie 
form of villi, or long fila- 
mentary vascular proces- 
ses, extending from more 
or loss of its outer surface, 
fig. 571, clio. 

In the very small pro- 
portion of the placental 
series in which the early 
phases of development in 
utero have been traced, so 
mucli diversity lias been 
recognised as to warn 
against too hasty generali- 
sations. 

In the Rabbit, before the ovum enters the uterus, it lias received 
from the oviduct additional layers, ib. A, n, which, either in com- 
bination until, or substitution for, the hyalinion, become the 
medium of applying the capillaries of the fretus to those of the 
mother continued into the decidua. When the fetal appendages 
have attained, in this Rodent, the stage they exhibit in the Mar- 
supial, fig. 569 — viz. the formation of the amniotic bag, fig. 571, «, 
the inclosure of the unconverted germ-mass, or yolk, by a vascular 
vitellicle, 5, and the out-budding of a small allantois, c — the em- 
bryo is by no means so far advanced. The ventral parietes of the 
thoracic-abdominal cavity arc not formed, the bilocular heart is 

* In Ihe indication of tlic various definable parts of this deciduous substance a voca- 
bulary of forms has been created ; e. g. ‘ non-placental utei’ine mucous membrane,’ ‘ ute- 
roplacental mucous membrane,’ * persistent,’ or ‘ non-deciduous serotina,’ ‘deciduous 
serotina,’ ‘ firnbri/e of decidua serotina,’ ‘nicmbrana decidua,’ ‘decidua reflexa,’ ‘ rags,’ 

‘ tags,’ (fee. 
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exterior to it; neither lungs nor diaphragm have yet appeared; 
the parallel columns of the neural axis indicate the primary 
brain-vesicles, by receding from each other in the long cephalic 
cx[)ansion ; a few pairs of protovertebrac show their beginnings 
at the sides of the myelon, and there is no trace whatever of 
limbs. The ovum has wholly sunk into a bed of the decidu- 
ously-developed lining substance of the womb. Before the Mar- 
sujhal stage of the fmtus has been reached, changes have taken 
])lace in the environment of the embryo, and the growth of the 
abdominal parictes having reduced the wide ai)erture, shown 
in fig. 571, c, to a navel, the embryo with its. amnios has 
sunk into the vitclliclc, the trunks of the vitelline artery and 
veins becoming concomitantly elongated. The allantois comes 
in contact with that part of the chorion beyond the ^ vena ter- 
minal is,’ and, having fulfilled the main purport of its elongation 
by transporting thereto the allantoic or so-called ^ umbilical ’ 
vessels,* it collapses, and leaves them to their work of organising 
the foetal portion of the placenta. The maternal portion is devel- 
oped upon a whitish area of the inner surface of the uterine horn 
at the side where the mesometry, fig. 572, y, (j^ is attached. The 
gravid uterus of the Ilabbit, ten days after pregnancy, presents 
the appearance given in this figure ; the foetus in its chorion chiefly 
adheres to the preformed maternal disc at the mesometral side, as 
shown at d\ it is not, however, lodged in a generally expanded 
segment of the uterine tube, but in a special dilatation thereof, 
ap]>ended, as it were, to the free side of the tube, the normal 
canal of which continues mainly to subserve the lodgment of the 
placenta. This, in the Ilabbit, is an oblong lobulated disc ; ^ 1 
have found it consisting of five lobes or cotyledons : in the Hare 
it is more compact and subcircular, and about two inches in 
diameter toAvard the close of gestation: the inner surface and 
margins are red, the rest yellowish Avith red spots, Avhen un- 
injected : the outer surface is subconcave and uneven, the inner 

» fills is an ambiguous term, applied lo different structures wliich are connected 
with the navel : o. g. to the vitclliclo, as ‘ umbilical sac;* its vessels being (listingiiished 
by the Greek term for navel. I shall hero, as in Vol. 11. (p. 263), call the omphalo- 
mesenteric vessels ‘ vitelline’ and the umbilical vessels ‘allantoic,’ in reference to the 
two primitive bags with which they are respectively connected. 

This is characteristic of most multiparous Lis^cncvphala^ o. g. Shrew, fig. 389, w ; 
Eat, XX. vol. V. p. 117, nos. 3466, 3167 ; Guinea-pig, cci.xii". tab. v. fig. 10, in which 
the normal canal of the uterus is ohlitevatcd by the accumulated deciduous substance: 
— ‘ Spiiter, wonn die FJacheii und Eiinder des Schleimhautschwnlstes beivits miteiu- 
aiidor versclimulzen, die Ilolilo des Uterus liiit dor sich durch sio hindurchziohondou 
Epithelialrohre verschwunden ist.’ ib. p. 30. 

^ XX. vol. V. p. 168, no. 3472. 
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surface convex and tubercular. The navel-string, one inch in 
length, expands, after reflection of the amnios, and is lost in the 
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Gravid uterus, a. multiparous ; D, unlparous. Mammal ; c, early uterine ovum, cccviii. 


allantois, which reaches the circumference of the placenta : folds 
of the allantois are reflected from the main trunks of the allantoic 
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vessels, and partially divide its cavity. The chorion receives 
vessels from the vitellicle as TVell as from the allantois. Gestation 
in both Hare and Rabbit is 30 or 31 days: but the new-born 
Hare is more advanced, the eyes being open. The Rabbit is 
born blind. 

In the Guinea pig Cobaya, L.) the uterine ovum, when 

the subdivisions due to cleavage-process have coalesced into the 
germ-mass, has lost the hyalinion, and is surrounded by the cells, 
fiuclei, molecules, so-called ^ epithelium,’ &c., formified from the 
fluid of the amorphous lining matter of the womb, from which 
the impregnated germ-mass is scarcely, if at all, distinguishable 
(5th or 6th day) : fluid accumulates in the centre of the germ- 
mass, which now assumes the form of a cylinder with obtuse ends, 
and may be said to be lodged in an ^ utricular canal ’ of the 
decidua. When this substance hits filled the part of the uterine 
horn containing the cylindroid ovum, the end of this, next the 
mesoinetral side, begins to receive vessels from the decidua, and 
to be attached to such commencement of the maternal placenta : 
the opposite or free end of the ovum is the seat of the initial steps 
in the formation of the embryo. 

The cylinder expands into a sphere (12th day), the remaining 
germ-mass forming the wall of which has become differentiated 
into a serous or ^ animal ’ layer toward the centre or cavity of 
the ovum, and into a peripheral, ^ vegetal ’ layer ; ^ both expand- 
ing to form the tunic of the ovum, everywhere in contact with 
the thick surrounding bed of decidua. The fundamental structures 
of the embryo rise from the part of the serous layer next the free 
side of the uterine horn, and project into the cavity of the ovum, 
tow ard wdiich the dorsum of the embryo is turned. A vascular 
layer is developed between the serous and the inner side of the 
vegetal layers, the normal relations of the primitive germinal 
strata being thus reversed. Bloodvessels extend from the widely 
open abdomen or ventral surface of the embryo upon the vascular 
layer of the ovum ; and, as the growing abdominal walls contract 
to an ^ umbilicus,’ the embryo sinks into, or enters, the cavity of 
the ovum, with which it is in communication by vitelline vessels, 
fig. 573, h, defining a vitellicle by the ^ vena terminalis,’ ib. c, 
(14th day). Very early a knob of nucleate cells, which seem to 
form the caudal end of the embryo, are developed into an allantois, 
which conveys allantoic vessels to. the attached mesoinetral side 
of the ovum, to ramify in the maternal placenta, ib. fy there formed 

* The microscopic characters of these two layers are given in figures 36 and 37, 
tab. iii. cclxii". 
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out of the accumulated decidual substance (15th day); after 
fulfilling that office the allantois dlsai)pears, or is represented by 
the delicate sheath inclosing the trunks of the allantoic arteries 
and veins, ib. d. The amnios, a, in the meanwhile, has been 
completed : and the embryo, so inclosed, is susi)cnded freely 
within the cavity of the vitelHcle, which, by disappearance of the 
primitive vegetal layeV, is now directly surrounded, by a deposit 
of decidua, fig. 573, /, becoming thinner as the foetus and its 
yitellicular membrane expands ( 17th day). I'hrough this order of 
development it seems that the relative jmsition of the embryo to its 
appendages is the reverse of that in the liabbit, fig. 571. The 
mesometral mass of decidua forms a well-defined thick circular 
placenta, ib. /, lobulated on the inner free surlace by furrows 
affecting a radiate but anastomosing disposition, to the centre of 

which pass the allantoic ves- 
sels. These, however, began 
on reaching the decidua, to 
organise a distinct placental 
mass, ib. e, which might be 
termed the foetal |>ortion: it, 
however, receives maternal 
vessels from the larger and first 
formed decidual placenta, ib. 

The proportions of these 
placentas become reversed as 
the foetus grows. The uterine 
veins, before quitting the pla- 

Its Mini (Icciduiil luctiiliraiius and placen- CCnta f[)l*m aU annulai* SlllUS 

l». cct.xii". * , ' 

around the portion e, and then 
penetrate the decidual parts, /*, and the uterus. The allantoic 
vessels also ramify not only in e, but also in /*, between the lo- 
bules of which the larger branches pass to gain the periphery. 

As the foetus approaches its term the decidual covering of the 
ovum disappears, or is reduced ‘to mere shreds at the circum- 
ference of the placental enlargement, which is now much re- 
duced in size : it receives into a cavity a mammilloid process 
from the centre of the fmtal placenta, to which process converge 
tlie uterine vessels from without and the foetal vessels from 
within, before they ramify to the periphery. The vitellicle still 
represents the chorion : its arteries form, a peripheral ^ circulus 
arteriosus/ parallel with the vena terminalis or ^ circulus venosus,’ 
and in the interspace of these vascular circles, fimbriate processes 
grow out richly supplied by vitelline vessels and constituting a 




DEVELOPMENT OF LISSENCEPHALA. 


729 


third kind of placenta more exclusively related to the nutrition of 
the foetus. For this grows so quickly and becomes so large,^ that 
the allantoic placenta, serving both for respiration and nutrition, 
needs the help it obtains through absorption, by the vitelline 
fringes, of the uterine nutrient matter in which they are bathed. 
The umbilical cord, as in most Rodents, is very short and thick. 

In the Aguti the decidual placenta is still more reduced, little 
more than the originally traversing maternal vessels remaining 
on their passage to the later allantoic placenta, which they seem 
to suspend by a central part, opposite to which, on the other side 
of the 2^hicenta, the foetal vessels 2)roceed. In the Rat the ma- 
ternal or decidual jdacenta is cotyloid, and is adapted to a small 
convex process of the centre of the uterine surface of the button- 
shaped foetal 2)lacenta;‘^ and, as in the Guinea-pig, the allantois, 
after laying the foundation of the latter, S2)eedily disaj)pears. 
The like haj)pens in the Water-vole, in which the fmtal placenta 
is small and circular, convex toward the uterus and flat toward 
the vitelline chorion, which has its attachment limited to the 
central part of the jdacental disc. 

In the Mole and Shrew the vltellicle is laige, and supjdies the 
outer envelojDe of the ovum with vessels, coalesces with, and seems, 
indeed, to form it. The allantois, bending to the dorsal aspect of the 
embryo, carries its vessels to that ^Jart of the amor2)hous mass of 
decidua enveloping the ovum. The early embryo in its amnios 
thus ajjpears to be suspended by opposite poles formed rcsj)ectively 
by the vitelline and allantoic trunks. The allantoic vessels or- 
ganise the fine villi of the foetal placenta in a small proportion of 
the thick deciduous mass : this in the growth of the embryo be- 
comes reduced to a subcircular maternal disc, larger than the fa 3 tal 
one, which is imbedded in its central concave surface. The area 
on the perij)heral convex surface affording the maternal supply of 
blood, is small in proportion to the placental disc. The terms Mcetal ’ 
and ‘ maternal’ relate to the source of the main part of the vascular 
supply of such divisions of tlie discoid placenta. The maternal 
vessels, the orifices of the veins being conspicuous on the area of 
placental detachment, are continued into the allantoic or foetal 
button, and the villi of this part extend into the decidual part of 
the maternal placenta. Beyond this the decidual substance 
becomes reduced to a very thin layer, traceable over part of the 
chorion. The convexity of the maternal placenta is continued 
with the lining of the uterus. Such lining is homologous in tissue 

> Calling in the Guinea-pig for the special expansion of the pelvis shown in Vol. II. 
p. 380, fig. 246. * XX. vol. v. p. 117, no. 3467. 



730 


ANATOMY 0¥ VERTEBRATES. 


with the substance lining the human uterus, but is firmer, and to 
no part can the term ^ mucous membrane ’ be correctly applied. 
The placental disc in the Tenrec is subcircular, thickest at the 
periphery ; in all other essential points it agrees with the rest of 
its order. The main peculiarity of Centetes is its multiparity.* 
From four to six foetuses may be brought forth by the Hedgehog; 
from twelve to twenty b}" the Tenrec. The shape of the placenta 
changes in the course of utero-gestation in Insectivora. When 
the embryo Hedgehog is from half an inch to an inch in length, 
it is enclosed in a cup-shaped placenta, as in a nest : this is sub- 
sequently spread out and flattened by the growth of the foetus, 
and converted into a thin, shallow discoid plate, with its concavity 
applied to the back of the embryo, and with the central part of 
its convex surface attached to the uterus : the ^ button ’ lies flat 
upon the maternal portion, and is attached by a wider surface than 
in the Guinea-pig. In the Mole the placenta is a circular disc at 
the early period of gestation, and subsequently becomes an oblong 
flat band, with its long axis parallel to that of the foetus: the linear 
tract of the uterine surface to which the placenta is attached shows 
a fine areolar structure, penetrated by the foetal placentary fila- 
ments, which arc often brought away, as in the Rat, distinct from 
the maternal structure, like the foetal cotyledon in the Cow.^ In 
the Bat ( Vespertilio noctula)^ the placenta has the form of an obtuse 
cone. In all the foregoing insectivoi’ous mammals the vitellicle 
is large. But, in a frugi vorous Bat {Pterojrus mediiis^ Temminck), 
I found the vitellicle shrunk to a reniforra, compactly folded body, 
which lay in the concavity of the placenta, between it and the 
allantois : the placenta was subcircular, discoid, slightly concave 
towards the foetus, proportionally more convex towards the 
uterus. The foetal villi are long, delicate, and branched, giving a 
flocculent appearance to the small portion of the centre of the 
disc by which the foetal placenta is attached to the womb. 

Volant Insectivora, in relation to the exigencies of flight, are 
commonly uniparous. The uterus of Vespertilio emarginatus, 

* Tho chief of the alleged ‘ points of difference* of the Tcnrec’s placental structures 
from those of other Insectivora, in ‘ the absence of a yelk-sac, of the allantois as a 
distinct sac, and of any membrane either decidual or chorionic, on the exterior of the 
amnios’ (ccxxvii". p. 291), depend (granting the competency of the observer) on tho 
admitted state of decomposition of the specimen described (p. 287): the ‘absence of a 
yelk-sac,’ moreover, would point from, rather than toward, ‘ marsupial affinities,’ in- 
asmuch as the embryo of the Kangaroo is chiefly remarkable for the large size of such 
sac, or ‘ vitellicle.’ 

* This never happens in the quadriimanous placenta ; and the difference is not 
affected by showing that, prior to severance, the foetal placenta is combined with 
maternal vessels in the Eat, Mole, &c. 
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killed June 20, had a single foetus, half an inch in length. A 
female of Vespertilio noctula produced, on the 23rd June, a young 
one, with an umbilical cord two inches in length.* Judging from 
observed dates of pairing, the gqstation seems to be about forty 
days. The chief difference from Insectivora is in the larger propor- 
tion of the placenta formed by the long arborescent villi organised 
by the allantoic vessels: the reduced decidua beyond the ma- 
ternal cake may be traced over a great part of the chorion, which 
receives, as in other Lissencephala. vitelline vessels.*^ 

According to Carus,^ the placenta of the Ai {Bradypus tridac^ 
tyhis) is divided into so many distinct lobes, as to resemble the 
cotyledonary condition of the placenta in most Ruminants : but 
there arc no corresponding partial thickenings of the lining sub- 
stance of the uterus like the maternal cotyledons shown in fig. 546. 
The so-called placentuhe, of an irregular oblong, subdepressed 
form, from 1 J to less than ^ an inch in diameter, and from 30 to 
40 in number, project from the endochorion, or inner surface 
of the allantois, into the interior of that sac : they are richly 
supplied with allantoic vessels : their flattened outer surface ap- 
plied, with the uniting layer of chorion, to the inner surface of 
the uterus, may receive therefrom a medium of ramification 
of maternal vessels, answering to a decidua scrotina. The pro- 
bability indeed is, that maternal deciduous substance is inter- 
blended with such allantoic lobules of the Sloth, as is the case 
with the single thin oblong placental disc in Dasypus, The 
genus Manis offers a third instance of the extent to which the 
temporary structures developed for the behoof of the foetus, and 

* The mother gnawed the cord across and ate the afterbirth. 

* A critic of xx. vol. v. pp. 140-46, wi’itos : — ‘ The delicate arborescent appearance 

which is described in the placenta of Fleropn,s is duo, in all likelihood, to the prolonged 
maceration in spirit,’ &c. cci.xvn". p. 310. The Hunterian preparution yielding, ac- 
cording to tlie Oxford Professor, the above description (No. 3679, Physiol. Series) is 
well placed for illustration of this alleged influence in the production of modifications 
of placental structure. Some of the specimens had l)eon put into spirit in 1764, thirty 
years before the placenta of the was so t reatod ; and both, together with other 

Hunterian preparations of placeiitoe, have been since subject to eighty years of ‘ macera- 
tion in spirit ! ’ But there was really no need to assume so special a behaviour of 
a Bat’s afterbirth under maceration, in order to show tliat ‘ this placental peculiarity 
brings them, as Linnaeus did bring them, into the same class as the Primatca' (cci.xvii". 
p. 310). No one, now, dreams of leaving Bats among birds. Perhaps, however. Dr. 
Bolleston may mean the same order in the mammalian class. But cerebral, circulat- 
ing, osseous and generative characters, especially those of the male organs, were even 
the placental structures so similar to human ones as Dr. K. contends, would outweigh 
them, and 1 believe will guide all unprejudiced naturalists in juxtaposing the winged 
with the terrestrial Insectivoi'a, and in relegating ‘ both to the low lisscncophalous 
subclass. 

* XLin. p. 21, tab. ix. figs. 16-17. 
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cast off at its birth, are diversified in both form and structure 
within the limits of a subordinate natural group of placental 
Mammals. According to Sharpey,' the outer surface of the 
chorion is rcticularly ridged, like the inner surface of the human 
gall-bladder, but in a finer degree. The inner surface of the 
uterus exhibits fine low ridges or villi, not reticulating quite so 
much (qu. with more open meshes?). The chorion, also, presents 
a band, free from villi, running longitudinally along its eoncavity, 
and there is a corresponding bald space on the surface of the 
uterus. The ridges of the chorion start from the margins of the 
bald stripe, and run round the ovum. The vitelliclc is fusifin’in. 

The species of the order Bruta arc uniparous as a rule ; the 
foetus attains a relatively large size, and tlie pelvis has a corre- 
sponding width. 

§ 402. Development of Mutllatiu — The Cctacca are uniparous, 
and still more remarkable for the large proportional size of the 
young, at birth : its membranes extend from the division of the 
uterus corresponding to the impregnated ovarium into that of the 
opposite side. A general short vcrrucose villosity of the chorion 
intus-suscepted by corresponding alveolar modifications through 
decidual outgrowths of the lining substance of the uterus i)erfonns 
the placental function : the structure is least developed at the 
terminal blind ends of the chorionic sac, which are almost smooth, 
and, in the degree in which the diffused placenta is thus inter- 
rupted at the poles, it may be said to be broadly zonular. The 
amniotic sheath of the umbilical cord is beset with small pedun- 
culate corpuscles.^ In flensing a female Whale {Balcena mysli- 
cetus), harpooned in the month of August, a fmtus escaped from 
the vulva: it measured 5 feet 4 inches in length ; and ^yas pro- 
bably far from the full time. No bony pelvic cincture offers a 
mechanical obstacle to the birth : and the exigencies of a hot- 

blooded air-breathing animal sent from the warm womb into it 

may be — an arctic sea, call for muscular powers equal to the evo- 
lutions needed for maintaining contact with the nipple, and coming 
to the surface to breathe. 

Of the foetal membranes of the Sirenia nothing is known. 

§ 403. Development of Unyulata, — Here no envelope of the 
ovum is superadded to the hyaliiiion (‘ zona pellucida ’). With 
this for the outer covering the ovum enters the uterus : it is im- 
pregnated in the oviduct, where it meets the spermatozoa; the first 
stages of cleavage go on there, and the germ-mass is completed in 
the uterus. In this process the hyalinion thins away, and finally 
* As quoted in cclxx". p. 112. * xx. vol. v. p, 200. 
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disappears. A mass of albuminoid matter accumulates around the 
ovum, as in Cavia, but is whiter in colour. It affords material 
for imbibition, and the germ-mass becoming fluid at, or getting 
fluid in, the centre, expands into a hollow sphere, the parietes of 
which become differentiated into two layers : the outer one seems 
to answer to the corresponding lamina demonstrated by Hunter 
in the germinal area of the chick ; the other to the inner lamina 
of the same area.* Both layers consist of coherent cells, with some 
difference as to size and proportion of oil-globules. 

The ovum now grows rapidly in length, its opposite poles being 
prolonged and attenuated. At the point where the two layers or 
^ membranes ’ cohere, the embryonal trace appears, its long axis 
extending at right angles to that of the ovum ; the inner or 
‘ mucous ’ layer is so continued from the mai gin of the abdominal 
depression as to ^ appear of itself to form the intestine, existing 
prior to that part being visible.’ ^ The cephalic expansion and 
incurvation seems relatively late in Ungulates. Before the amnios 
is complete, and when the back of the embryo is still covered by 
the peripheral part of the serous layer, when but tlircQ pairs of 
proto vertebral nuclei are formed, and the cej)halic ends of the 
myelonal cords are only beginning to diverge, the opposite end of 
the embryo begins to bud out two processes at right angles to its 
axis, which soon expand into the allantois.^ This vesicle rapidly 
extends between the serous or animal layer forming the outer 
coat of the ovum, on the one hand, and the embryo, amnion and 
vltellicle, on die other hand ; carrying with it allantoic vessels, 
,and becoming (coextensive with the outer coat. With this ex- 
pansion that outer coat disappears, and the chorion is now repre- 
sented by the vascular layer of the allantois itself, which has 
become distinct from its inner or mucous layer. Meanwhile the 
vitellicle has shrunk to slender projiortions, its communication 
with the intestine being reduced by growth of the abdominal 
walls, and drawn out into an omphalo-mesentcric duct. The 
vascular layer of the allantois, representing the chorion, effects 
its vascular intus-susceptive relations with the uterine lining in 
various ways. In most Perisso- and a few Artio- dactylcs short 
villous processes bud out from a greater part of the superficies of 
the chorion, and a co-extensive minutely alveolar growth of the 
lining substance of the uterus receives them. 

Fig. 574 represents the foetal membranes and appendages 

' XX. vol. V. p. 20, pi. 59, fig. 7. Lator Gorman EniLryologists haA't? callod tbo one 
‘ serous ’ or ‘ animal ’ layer, the other ‘ mucous/ ‘ vegetal ’ or ‘ organic ’ layer ; hut any 
of these terms can only l>o understood in an arbitrary sense. See \"ol. II. p. 259, lig. 1 33. 
lb. p. 20. * ccT.xiTi". p. 18 (in the Roe-buck). 
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attached to part of the abdominal parietes^ b, with the urinary 
bladder, y, the female organs, .v, 2, and rectum, o, of an aborted 
foal. The membrane, r/, r/, is the amnios which was reflected from 
the umbili(;al cord to inclose the foetus; the inner concave surflxce 
of the bag, turned toward the parts of the foetus, is characterised 
by the finely waved disposition of the amniotic vessels. Minute 
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Fotal meinbranca, Equm. c.'xxn". 

filiform processes project from the serous surface of this part of 
the cold. The urachus, accompanying the umbilical vessels 
(one artery, two veins, Z»), opens, or expands, into the cavity of 
the mucous layer of the allantois at ci this cavity is laid open, 
showing the part of its wall reflected upon the exterior of the 
amnios, at d d, and the part continued over the interior of the 
vascular layer of the allantois, or chorion, at g g: a portion of its 
exterior surface is shown at h. The umbilical vessels, continued 
beyond the end of the urachus to the chorion, seem to form a 
prolongation of the navel-string, about two feet in length, /*, 
between the amnios and the chorion, around which part of the 
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cord the inner layer of the allantois is reflected. The vessels of 
the outer layer branch and sj)read themselves over it, becoming 
capillaries in the clusters of short villosities, and thereby brought 
into the requisite contact with the maternal capillaries in the 
similarly arranged decidual growths, for the interchange and 
reception of the materials and elements concerned in fmtal nutri- 
tion. The mucous layer of the allantois lines about half of the 
amnio-chorionic interspace. Towards the latter period of gesta- 
tion, the renal excretion of the foetus passing from the bladder 
along the urachus, deposits near the allantoic orifice of that tube 
a thick fluid of a reddish colour, of an urinous odour, and whicli 
contains uroerithrin and hippuric acid. The small oval masses, 
from the size of a pea to that of a hen’s egg, z, sometimes loose 
in the allantoic cavity, sometimes adhering to its inner surface, 
are inspissated parts of the allantoic fluid; they have received 
a special attention from the flinciful import once assigned to 
them under the name ^ hippomanes.’ * The chorion, being 
moulded in great degree upon the uterine cavity, is produced 
into two * cornua,’ but they are not co-extensive with those of 
tlie uterus. The multiplication of the vascular surface of the 
chorionic cornua by fine and deep plicae indicates the degree of 
the placentary function assigned to these prolongations. In fig. 
575 the fmtus, m, at about the tenth month, is shown, envelo])ed 
in the amnios, n n : the entamniotic part of the navel-string, o, 
is continued to q, r, where the entallantoic part begins, and the 
allantois is reflected from its urachal pedicle. The endochorionic 
jiart of the allantois is seen at s, s; a portion of the exterior of the 
chorion at : y is part of the left uterine horn ; r is the ovary. 

The gestation of the Mare is elevei^ months and a few days : 
she brings forth standing, and is fertile to the fifteenth year, 
rarely to the eighteenth. The horse is mature at the fourth year, 
and its average or usual term of life is thirty years, with fair 
usage. The Ass brings forth during the eleventh month of preg- 
nancy. The milk appears at the tenth month : in very rare 
cases the ass may have twins. The Mare emits a whitish ad- 
hesive secretion, ‘ per viilvain,’ during the period of heat. The 
temporary maternal modification of the uterine lining does not 
come away with the feetal membranes at Tbirth, but is either ab- 
sorbed or passed off with the lochia. The usual smooth surface 
of the folds of the uterine lining is restored about six months after 
parturition. 

' The tnie nature and position of these bodies were made known hy Danbenton, in 
eexe". 
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The outer surface of the chorion of the Tapir is beset with 
short linear series of small compressed foliate processes, dividing 
into from three to six leaflets, upon or within which the fmtal 
capillaries ramify; the inner surface, when the allantoic non- 
vascular layer or endochorion is removed, is reticulate through 
the division of the allantoic vessels, sending off the capillaries 
to the foliate villi. 

The clustered arrangements of the placental capillaries is more 
marked in the Sow than in the Mare : when uninjected they 
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Iniprogiiated uterus of Mare, cxxii'. 


appear as white subcircular spots scattered over the outer surface 
of the'^ chorion ; but when the allantoic veins are filled, these are 
seen to form plexules in the centre of each spot. The uterine 
veins have a corresponding arrangement. The uterine arterial 
capillaries form a fine network, the meshes receiving the villo- 
sities which carry the foetal arterial capillaries ; whence it might 
seem that the nutrition of the foetus was effected principally at 
the points of contact of the foetal with the maternal* venules, 
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whilst the respiratory process took place at the surfacti of contact 
between the fcetal and maternal arterial capillaries. ^ The ])eriod 
of gestation of the domestic Sow is about four months ; the ob- 
served range of variation has been from 109 days to 123 days.* 
Thf gestation of the Hippopotamus is 234 days.* The pair at the 
Zoological Gardens at Amsterfam copulated December 1, and 
the young one was brought forth on July 29, next following. 

Camelincs and Chevrotains ( Tragulus) have the diffused con- 
dition of the placenta as in the Mare and Sow, with some 
minor modifications of villi and capillaries : the vitellicle, as in 
other Kuminants, is relatively smaller than in Solipeds, The 
urachus dilates, beyond the amnios, into a narrow cylindrical 
sac transversely extended, or dividing into two slender cornua, 
entering those of the uterus ; it consists ,of the mucous layer 
of the allantois, is usually found collapsed, and can hardly be 
inflated at the last month of pregnancy in the Cow. Laminated 
deposits from the allantoic fluid are occasionally present, like 
those called ‘ hippomanes ’ in the Mare. A much smaller pro- 
portion of the space between amnios and chorion is thus occu- 
pied in the Kuminants than in the EquidcBy and probably other 
Pcrissodactyles. 

The villi of the chorion are developed in horned Ruminants 
on detached and limited localities, corresponding with tlie pro- 
minences of the lining substance of the uterus, fig. 546, from 
which the deciduous maternal parts of the placenta grow. The 
surface of these caruncles, previously smooth, now buds out into 
reticulate processes, moulding themselves upon the chorionic villi, 
and forming cavities or canals for their inter-susception. These 
outgrowths are homologous with the ^ decidua scrotina ’ of other 
Mammals,* but they gain a firmer texture, and usually remain 
attached to the uterus, allowing the foetal villi to be withdrawn 
from them at birth : they are afterwards shed, or disappear, the 
caruncle resuming its smooth and even surface.* When the entire 
caruncle happens to come away, it is not reproduced ; a smooth 
cicatrix remains upon the uterine surface. 

Wherever there is placenta there is decidua. The sj)ecial and 
temporary work of developments providing capillary superficies, 
whether on the part of the mother or foetus, being ended, they 

* The student must not he seduced into accepting too ahsolutoly Eschricht’s dictum : 
— ‘ quorum altcri placenta utcrina caduca, alteri non caduca est.’ 

2 111 xcvi', the caruncles are called ‘ glandular protuberances ’ (p 544); but it is 
precisely on that part of the uterine lining where the ulricular glaiuh< arc want- 
ing; and the eminences and folliciilar depressions are peculiar to the period of 
gestation. 

VOLn lAL 3 n 



ANATOMY OF VERTEBKATES. 


go : they may not be thrown off together, and the maternal 
decidua may. not be shed all at once, but in successive shreds or 
tags. The long gestation required to bring to due strength the 
young of the defenceless hoofed animals before birth, is the con- 
dition of the firmer texture, better organization, greater extent, 
and more persistent character of their ‘ deciduous ’ structures. 

The villi of the foetal cotyledons offer varieties of form and 



mode of termination, beauti- 
fully illustrated by Clift in 
xxviii. vol. hi., tab. CLXXI., 
and indicated by Home,' as 
follows : — 

* J?os— terminal es ramosae : 

Cervtts ,, indivisse fill formes : 

Om ,, „ villosae: 

Capra ,, „ pilosae 

terms which, though not 
strictly accurate, indicate the 
degree and way in which 
generic variety manifests it- 
self in the cotyledonal modi- 
fication of placental struc- 
ture. 


Portion of chorion with cotyledons, Cow. iv". .. . • i , , i t 

About eighty cotyledons 
are developed from the chorion of the Cow ; the surface of the 
large uterine caruncles is usually flat or slightly concave. The 
gestation of the Cow is about nine months (286 days), with a 
range of variety of about twenty days. 

In the Red- deer ( Cervus elapfius) gestation is eight months and 
a few days : the rut is usually in the last three weeks of Sep- 
tember; the birth in May or early in June. The foetus is long 
confined to one uterine horn : the mucous layer of the allantois 


forms a crescentic bag, the horns being prolonged into both those 
of the uterus and ending obtusely : it contains a milky fluid, 
depositing a sediment. The cotyledons are relatively smaller, 
more oblong, and much fewer than in the Cow. The same may 
be said of the Fallow-deer, the gestation of which is eight 
months. Both species of Cervus are uniparous, as a rule. The 


little Roe-deer usually brings forth twins : sometimes both come 


from one ovary, more often one from each. The gestation here 
is about nine months (280 days). The rut is in July and begin- 
ning of August : impregnation and the cleavage-process goes on 
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as usual, and the ovum, ^ith completed germ-mass, has been 
found in utero August 16:' here it lies with uncoated hyalinion 
until the latter half or end of December : the germ-mass remain- 
ing four months in a quasi-torpid state. Development is then 
resumed, and the young are brought forth at the end of April or 
beginning of May. The contiguous ends of the two elongated 
ova overlap each other, and as gestation advances the contiguous 
parts of the exochorion blend together ; but each fmtus retains 
its own unvascular allantoic bag and amnios. 

In the GiraflPe there are two kinds of foetal cotyledons: the 
larger or normal ones are in longitudinal rows corresponding with 
the disposition of the uterine caruncles : they have mostly a 
reniforrn figure, attached to the chorion by a contracted base : 
the terminal branches of the component villi are finer than those 
in the Cow, and more resemble those in the Deer. The smaller 
cotyledons, of irregular form and varying size, project from the 
outer surface of the chorion in the interspaces of the rows of the 
larger ones: their villi are proportionally shorter, and in the 
smallest ones simple and unbranched, indicating a transitional 
step to the diffused villosity in the small Musk-deer. I counted 
180 cotyledons, large and small, on the chorion of the Giraffe : 
the umbilical cord is above a yard in length. 

A male and female Giraffe paired, April 1, 1838, and again on 
the following day, after which the female lost the disposition to 
receive the male; on June 10, 1839, the udder began to enlarge, 
and on June 19 the young (a male) was born, 444 days after the 
second coitus. The sanie Giraffes paired on March 12, 1840, and 
after a gestation of 431 days a young male was born. In each 
case the female stood during parturition : the fore-legs of the fcetus 
first appeared, the head and body followed, the mother stooped 
behind to deposit her burthen safely. In half an hour the 
young one made efforts to rise, and in an hour after birth it stood 
upright. It was born with horns in structure and relative size 
like those of the dam,® and is the only horned ruminant that 
acquires these weapons before birth. Concomitantly with the 
long period of gestation is the unusually large size of the new- 
born young, which measured from the muzzle to the root of the 
tail six feet ten inches ; from the base of the scapula to the end 
of the fore-hoof five feet. The enemies to which such a young 
Mammal might fall a prey in its native African wilds indicate the 
conditions of the unusual strength acquired during the long 
gestation. 

‘ ccLxiit". p. 10, tab. I., fig. 8. 

3 B 2 


* ccxxvi". pi. 1. 
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The varieties of placental structures and modifications in the 
Ungulate group are not yet exhausted. The chorion of the 
Elephant, fig, 577, a, d, at about the middle of the period of 
gestation, forms a transversely oblong sac, 2 feet 6 inches in long 
diameter, and 1 foot 4 inches in short diameter, encompassed at 
its middle part by an annular placenta, ib. ft, ft, 2 feet 6 inches 
in circumference, varying from 3 to 5 inches in breadth,, and from 
1 to 2 inches in thickness : it is partially divided by opposite 
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Foetal m<?nibraiiosamIi)la<centa, Elcpliant, 


constrictions into two moieties ; it presents the same spongy tex- 
ture as does the annular placenta of the Carnivora^ but the 
laminate villosities enclosing the foetal filaments enter into its 
formation in a larger proportion, and are of a relatively coarser 
character. The greater part of the outer convex surface of the 
placenta is smooth ; the rough part separated from the serotiiie 
portion occupied a narrow tract, c, c. A thin brown deciduous 
layer is continued from the borders of the placenta, for a distance 
varying from 1 to 3 inches, upon the outer surfiice of the chorion. 
Flattened folds of a similar substance could be raised from some 
parts of the surface of the placenta; at other parts the substance 
formed irregular fibrous bands, the fibres extending in the direction 
of the circumference of the placental ring. The outer surface of 
the chorion is for the most part smooth ; but at each of the obtuse 
extremities of the sac there was a villous and vascular subcircular 
])atch, rf, d, the villi being short and graniform, |th of a line in 
diameter, or less. Thus the chief points of attachment of the 
chorion to the uterus are, at the equator, by the annular placenta. 
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and at each pole of the elongated sac, by the subcircular villous 
patch. The umbilical cord,/, formed by one venous and two 
arterial trunks;- and by the slender neck of the allantois, with 
the connecting cellular tissue and the covering of amnios, is short 
and somewhat flattened. It measured about 6 inches in length, 
before the division of the vascular trunk, and about 3 inches in 
circumference. The inner surface of the amnios is roughened by 
brownish hemispherical granules, from 1 line to ^ 

in size, commonly about half a line ; the outer surface is finely 
wrinkled, but smooth. The bag formed by the mucous or un- 
vascular layer of the allantois is of considerable size, is continued 
from the base of the umbilical cord, so expanding between the 
chorion and amnios as to prevent any part of the amnios attaining 
the inner surface of the placenta. The allantois divides, where 
the amnios begins to be reflected upon it, into three sacculi : one 
extends over the inner surface of the annular placenta, and a 
little way into one end of the chorion : a second extends into the 
opposite end of the chorion, a \ it there bends round toward the 
placenta, and its apex adheres at that part to the first division of 
the allantois : the third prolongation subdivides into two smaller 
cavities, each terminating in a cul-de-sac, encompassing, and 
closely attached to, the primary divisions of the umbilical vessels. 
The line of adhesion of the amnios to the allantois, where it is 
reflected upon these cul-de-sacs, measures 3 feet 6 inches. 

The primary branches of the umbilical arteries and vein diverge 
from the umbilical cord in four divisions : they reach, first, the 
borders of the placenta, and then ramify in its substance and upon . 
the inner surface of the chorion, being supported there, and more 
or less surrounded, by the layer of the allantois called ^ endo- 
chorion.’ Uj}on the endochorionic vessels are developed a number 
of flattened, oval, or subcircular bodies, e, <?, of a compact, struc- 
tureless tissue, varying in diameter from an inch or more to half a 
line. On separating the chorion from the allantois, these bodies 
were found to belong entirely to the latter membrane : the vessels 
upon which they seem to be developed pass on their chorionic 
side, the bodies adhering to the allantoic side of the sheath of the 
vessel : they are most abundant near the placenta, and become 
wider apart as they approach the poles of the chorion : 1 counted 
120 : the smaller ones occur on the free duplicatures of the 
allantois continued from the umbilical trunks: in almost every 
case they are developed on the course of the large vessels, and 
are restricted, with few exceptions, to that part of the allantois 
which is in contact with the chorion.* Their free surface is 
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smooth and polished, not villous like the cotyledons of the Rumi^ 
nantia ; from which they likewise differ in projecting inward 
toward tlie cavity of the allantois, like the so-called cotyledons 
of the sloth : they are not mere precipitates of inspissated matters 
of the allantoic fluid, like the ^hippomanes’ of the Mare. 

A male and female Indian Elephant paired December 18, 1863, 
and at other times up to January 8, 1864, when they were kept 
apart. For twelve months there was no conspicuous increase of 
the abdomen : after that period it was obvious to close inspection, 
on the left side: then the mammary glands enlarged, with slight 
occasional oozing of milk; and on August 3, 1865, the young 
was born ; it stood 2 feet 10 inches high, and weighed 175 lbs. 
Thus the period of gestation, reckoned from the date of first 
coitus, is 593 days. 

The Hyrax has an annular placenta more subdivided than in 
the Elephant. The venous blood returns from it at three places, 
the centres of as many divisions of the belt, which, however, are 
continuous by thinner portions of placental substance. The villi 
are imbedded in decidual substance, and the surface of its attach- 
ment to that remaining on the uterus is less limited than in the 
Elephant. The placental zone seems relatively tighter, the ends 
of the chorion swelling out more, than in Carnivora, The perisso- 
dactyle number of ribs — twenty-two pairs, the simple stomach 
and complex cajcal structures, the hoofs of the unsymmetrically 
tetradactyle fore-foot and tridactyle hind-foot, as in a larger 
extinct hornless rhinoceros, the close repetition of dental cha- 
racters in the diminutive existing species, not merely as to pattern 
of grinding surface of molars, but of kinds and manner of growth 
of all the teeth, the incisors being developed as in Rhinoceros in-- 
cisivus,'^ demonstrate the low taxonomic value of the placental 
character, according to which the Hyrax, as well as the Elephant, 
would be classed with the Carnivora, 

§ 404. Development of Carnivora,— In the foetal Cat, about 
the middle of the period of gestation, the chorion, fig. 578, a, «, 
is a curved arc 6 inches in long diam., by 2 inches in short 
diam., with obtuse ends ; it is girt in the middle by an an- 
nular placenta, inch broad : the zone is concave transversely 
within, of a mingled grey and red colour when uninjected : the 
chorion on each side of the placenta is slightly folded, and of a 
reddish colour. The foetal surface of the placenta is lobulated : 

' lie must hare counted much upon the ignorance of his auditors or readers who 
could affirm that the ‘ IIy«ax hangs by Rhitioctros mainly by the pattern of its molar 
tooth.’ CCLXX". p. 111. • 
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the maternal placenta or serotine decidua is present, and can 
be separated as a distinct layer.* The mucous layer of the 
allantois expands from the uterine extremity of the umbilical 
cord upon the vascular layer (chorion or exochorion), forming 
broad duplicatures about the allantoic vessels outside ; the trunks 
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Feetus with membrane and placenta. Cat. uxxii'. 


of these are in the free margins of the folds, and at the opposite 
margins the folds of the non-vascular layer of allantois recede and 
spread over the vascular layer or chorion, to which they cohere. 
The vitcllicle, cf, extends into the pointed horns, /, /, between 
amnion and placenta, at right angles to the latter : it is attached 
by a slender pedicle, <7, to a loop of small intestine : it usually 
contains a yellowish liquid, with some small loose fimbriate pre- 
cipitates. In the amniotic liquid crumbs of meconium occur to- 
ward the end of gestation. The navel-string is very short. The 
Cat is in heat, for about ten days, before she is a year old ; and 
is prolific to the ninth year: bringing forth at least twice a year 
in the wild state, and three or four times in domesticity. The 


XX. vol. V. p. 141, no. 8665. 
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gestation is fifty-five or fifty-six days ; and she brings forth 
usually from four to six young. 

In the Lioness the exterior of the placenta is marked by 
anfractuositics like those of the brain ; the inner surface is divided 
into small irregular convex lobes by deep sulci. In the zonular 
placenta of the Dog the maternal portion cannot be defined and 
separated as in the Cat : the uterine surface to which the placenta 
adheres presents a fiifely reticulate substance^ the meshes being 
formed by orifices of apparently utricular glands, aggregated in 
the interspaces of larger alveoli, scattered over the surface with 
intervals of between lialf a line and two lines. When the fietus 
has attained a length of five or six inches, this alveolar decidua 
has acquired a thickness which makes it recognisable as the 
maternal portion of the placenta. The period of gestation of 
the Wolf, Jackal, and Dog is 63 days. 

A modification of the annular placenta, analogous to that in 
the Elephant, obtains in some Carnivores, e. g. the Weasel tribe 
(fig. 579, Putorius Furo); two j>ortions of a subcircular form, 
A, u, appear as a double placenta, but they are united by a 
much tliiniier tract, c, also receiving ramifications of the allantoic 
vessels. The umbilical cord, one-third of an inch in length, goes 
to one of the cotyledons, whence the vessels extend to the other. 
The omphalo-mesenterie 
duct expands into a py- 
ritbrm vitelliclc, five lines 
in length. The Ferret 
produces from five to 
eight young ; she hfus 
usually eight teats ; has 
a six-weeks’ gestation, 
and produces twice a 
year. In the Martens 
the placenta is undivi- 
ded {Mustela martesy M. foina^ &c.); the decidua serotina 
sinks into its substance along a narrow tract at the middle of the 
outer surface of the zone, as in the Elephant : they bring forth, 
commonly, twice a year, but are less prolific than the Weasels. 
The navel-string is very short : the allantois is more elongated ; 
a trace of vitellicle may be seen in a small bilobed yellowish 
patch, upon the inner surface of the placenta, where the navel- 
string ends. 

In tlie Hya3na the deciduous substance becomes fused with 
the chorionic placental processes ; it is moderately thick, spongy. 
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tomatose, non-colierent : the foetal processes penetrate cavities in 
the decidua apparently homologous with the utriculi of the 
human uterine lining, and having as little the structure of true 
follicular glands. The original deciduous capsule of the ovum is 
reduced to a very thin layer of mucous substance, exterior to 
the placental zone. 

Seals have rarely more than two young, and more commonly 
but one, at a birth. In the latter case the foetus and its mem- 
branes are limited to one horn of the uterus, not extending into 
the opposite horn, as in Cetacea, Tlie placenta is zonular, in 
four or five continuous or connected divisions. In Phoca vitulina 
tlie diameter of the zone parallel with the long axis of the ovum 
is between two and three inches. In parturition the sclerous 
tissue of the symphysis pubis becomes relaxed, allowing divarica- 
tion of that part of the pelvic arch, which, consistently with the 
reduced hind limbs, is smaller than in land Carnivores. 

The gestation of the Bear ( U, arnericanus) is seven months ; 
the young, usually two in number, are born as well shaped as in 
other Carnivora^ but are more naked : the eyelids are closed, and 
so continue for about four weeks. From some information I 
have received respecting the Badger, it would seem, like the 
Koe, to have a long gestation in proportion to its size. The 
young, as with the Bear, are blind at birth. 

§ 405. Development of Qnadrumana, — The Makis (^Lemur) have 
sometimes one, commonly two, rarely three young at a birth. A 
pair of the Lemur albifrons, captive at the Jardin des Plantes, 
Paris, copulated December 23, and afterwards repeatedly for five 
or six days : the female brought forth April 13, after a gestation 
of fifteen weeks. The new-born young was covered with very 
short hairs, and had its eyes open.* 

The Marmosets {Hapale Jacchus) resemble Lemur in the 
number of young : the gestation is three months : the young is 
naked at birth, except upon the head, and gets clothed in three 
or four weeks. In Callithrix sciurcus the long twisted umbilical 
cord is chiefly in connection with a circular thick discoid placenta : 
but some of the branches of both the two arteries and two 
veins extend (as it seemed to Schroeder von der Kolk) ^ to a 
smaller and thinner circular villous tract, like a second placenta 
at the opposite end of the chcrionic sac. 

The Howler {Mycetes seniciilus) has a single placenta, also 
circular, discoid, from which the foetal blood is returned by two 

^ CCLXXVIl". p. 50. 

* lb. p. 56, pi. 6, fig, 1. Rudolphi found the placenta single in Ha;pale Jacchus, 
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umbilical (allantoic) veins : the cord, as in CaUithrix^ is attached 
\o tW maYginof t\\e placental disc. Hapale^ Nocthora^ CalUthrixy 
and other small kinds of Platyrhines are monogamous. Larger 
platyrhine Monkeys {Mt/cefesy Calms, e.g.) are polygamous; 
three or four females are usually seen with one male. Cebus is 
usually uniparous ; the gestation is five months : the placenta 
single, discoid, thick ; the umbilical cord with two veins and two 
arteries: the maternal and foetal portions of the placenta are 
expelled together, the foetal villous part does not come away 
separately, as is sometimes the case in Lissencephala. The villous 
and cellular structures are still more intimately blended in old- 
world Quadrumana, In the tailed Catarhines, which, as a rule, 
are uniparous, the placenta is double, the two being distinct and 
apart, usually disposed upon the right and left sides of the uterus. 
In fig. 580, where they are exposed in the green Monkey ( Cerco^ 
pithecus sabcBiis) the following parts are indicate : — a peritoneal 
coat of uterus, h b muscular coat, h' thicker portion at the cervix 
uteri, c os tinccB, d glandular rugse of cervix, e cavity between 
cervix and decidual lining of uterus, f decidua, g chorion, h amnios, 
i umbilical vessels associated in groups of two arteries and one 
vein, on their way to the cord. A, k amniotic surface of the two 
placentae, rn n amniotic sheath of cord, dissected to show the 
two arteries and one vein : o clitoris, q hair covering the labiai, 
r diverging branches of umbilical vessels on the proximal placenta, 
s, s vessels extending to the distal placenta t, v interplacental 
area. In the pregnant Macacus rhesus dissected by Hunter ^ the 
two placentie were contiguous, and each of more oblong form 
than in fig. 580. The placenta shows- a combined cellular and 
filamentary villous structure. The filaments include the capillary 
loops of the foetal vessels ; but instead of lying freely in alveolar 
cavities of the maternal placenta, they are connected or entangled 
with the fine cellular structure which receives the blood from the 
uterine arteries: the uterine veins have stronger and more definite 
coats than in the human placenta : the decidua is also denser and 
more coherent, and the layer between the uterus and placenta is 
thicker. Each placenta consists of smaller lobes united at their 
edges ; in the fissures lie the veins, or sinuses, from which the 
venous branches are continued.^ 

In Semnopithecus nasicus the two placentae are more remote 
than in Cercopithecus, and the distal one is smaller than that from 
which the umbilical cord is continued : this is divided into five 
lobes. Two placentse have been observed in a species of Hglobatesi 

> xciv. p. 71. * XX. vol. V. p. 146. 
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but in the Chimpanzee the placenta is single. In ^1 old-world 
Quadrumana the umbilical vein is single, as in Bimana. Where 
any trace of vitellicle has been dctetited in ^uudvu 7 n(i 7 io,y it has 
been very small. 

§ 406. Development oj Bimana, — The lining substance of the 
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human uterus, when an ovum is impregnated, augments in thick- 
ness, fig. 570, and seems to degenerate into a l)ulpy spongy mass, 
into which the ovum sinks on entering the womb : its position is 
shown, diagrammatically, in fig. 572, b, e : but the special chamber 
in which, at first, it lies loosely, is e:?chibited in fig. 581 ; here, 
bristles are introduced at the orifices corresponding with those of 
the oviducts, and pass out at the beginning of the cervix uteri. 
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Avliere the 3ecidua ends. The utricular canals become dilated 
and tortuous, and are still lined (or formed) by epithelial cells : 
but formifaction is active in the production of diverse defined cor- 
puscles from the ^granule’ up to the colossal ^fibre-cells/ fig. 416. 

At the fourth or fifth month the decidua becomes condensed to 

a thinner layer, and detached 
from the muscular wall of the 
uterus by a new, soft deposit, 
which t^kes on the utricular 
character of the orminal linino: 
substance, and remains after 
parturition. 

The primary changes of the 
impregnated human ovum 
have not been observed. It 
cannot be doubted that the 
germ-mass is due to the cleav- 
age process. Whether the 
outer coat continues to be 
the hyalinion when the ovum 
passes into its deciduous nest; 
whether the hyalinion then 
gives place to an expanded 
‘ animal ’ layer of the blasto- 
derm ; or whether this be superseded by the vascular layer of 
the allantois— are conjectural possibilities suggested by observed 
facts in lower Mammals, and awaiting proof. This is certain, 
that when the amnion is completed, the intestine formed, and 
the vacancy of the ventral walls contracted to an umbilicus, the 
remnant of the vitelliclc is reduced to a crumpled yellowish sub- 
circular corpuscle, 1| line in diameter, adherent to the outside of 
tlie amnion, and connected with the intestine by a long filamentary 
omj)halo-inesenteric pedicle, accompanied by a vitelline vein and 
arteries. The vascular layer of the allantois has formed, or or- 
ganised, the chorion : its unvascular layer is disposed like a serous 
membrane between the amnion and chorion, and maintains a con- 
nection for a time with a filamentary urachus, expanding within 
the pelvis into a urinary bladder. The growing ovum pushes the 
free wall of its decidual chamber into the uterine cavity (traversed 
by the bristles in fig. 581), and, filling it, reduces it to a narrow 
^ hydroperionic space.’ The layer of decidua so pushed in seems 
to be reflected upon the ovum, and is termed " decidua reflexa ’ or 
^ decidua ovuli the thicker layer lining the womb is the " decidua 




DEVELOPMENT OF BIMANA. 


749 


veni/ or ^ cl. uteri.’ Long and large villi extend from the clioriou 
into the decidua, and at this period (latter half of the first month) 
there may be traced, upon its inner surface, orifices of canals that 
lead into the uterine sinuses. The maternal blood already flows 
freely into the maternal chamber, and, after passing everywhere 
among the villi, is returned into the uterine veins. Thus a temj)o- 
rary placenta Is forihed analogous to the diffused form described 
in Cetacea and certain Ungulata. But soon the villi incix'ase in 
length and size on the side of the chorion next the uterine wall, 
and decrease on the opposite side, which becomes siilooth or bald ; 
this, pressing upon the hydroperionic space, finally obliterates it, 
and arrests the flow of blood to that part of the circuniferencc of 
the chorion. On the other part, next the uterine wall, a circular 
space is left, like a meniscus, round the circumference of which 
decidual growths pass from the uterus to attach themselves to the 
chorion, and form the margin of the true placenta; then, as the 
uterus enlarges, concomitantly with the expansion of the ovum, 
a decidua, called ^ serotina,’ is reproduced to form the basis of the 
maternal placenta, from which septal processes extend groiijfing 
the dcvcloj)ed villi of the chorion, or fmtal placenta, into lobes. 
With the further growth of the placenta these lobes become usually 
more and more confluent, the foetal also becomes more blended 
with the maternal part, until a structure results, as exposed 
in the section of the placenta and placental area of the uterus, 
fig. 582. 

The line, u, ?/, indicates the extent of the uterine wall ; ud is 
^ decidua serotina; ’ dj) deciduous septa, p placenta, ch chorion, 
am amnion, vf frxital blood-vessels, i?, v villi, us uterine venous 
sinuses, «, a uterine ^ curling arteries.’ The two fetal arteries 
(allantoic or umbilical) communicate by a cross branch near the 
placjental end of the funis, beyond which they spread in large 
branches over a considerable part of the free surface of the 
placenta, and subdivide dichotomously in the chorion, two or 
three times, before they penetrate the placental substance to 
ramify in the villous processes called ^ placental tufts.’ The 
stems of these are rooted in the chorion, and are tough and 
fibrous. Each tuft consists of an outer coriaceous and an inner 
soft tissue : a distinction which is continued to the terminal villi, 
fig. 583, as shown in the end of one from a stale placenta in 
which the inner vascular substance had shrunk away from the 
outer epithelial sheath, ib. b. From the third to the sixth 
month the arteries of the villi terminate in a rich capillary plexus 
at their periphery, ib, a. The veins from the capillaries unite. 
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to accompany the arteries along the centre of the villi, emerge 
from the substance of the placenta, about sixteen in number, 
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Section of huinan uterus and attached placenta at ;M)th week of gestation. tX'XLVi". 


with a less tortuous course than the arteries, converging to the 
root of the funis and ultimately uniting to form a single umbilical 
auQ ■ vein. After the sixth month 



the capillaries of the villi 
begin to disappear. The 
uterine arteries, fig. 582 , «, 
about the size of a crow-quill 
in the later months, have a 
tortuous or curly course, and 
they ultimately pour their 
blood into the large venous 
sinuses, ib. us. These are 
most numerous upon the in- 
ner side of the decidua con- 
stituting the uterine sur- 
face of the placenta, pass- 
ing obliquely through that 


Vllll of tuft of fa3tal part of placenta, at afx numths; 


layer into the uterine wall; 
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some extend into the decid- 


ual septa, and some lead to the marginal channel termed the 
^ circular sinus ’. 
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superficies and proportions of the superincumbent masses of the 
prosencephalon. In the Gyrencepliala these e^^tend backward 
over the mesencephalon, and more or less of the cerebellum : from 
the lisscncephalous condition transitorily shown by the human 
fcetus, fig. 125, the middle lobes, rf, progressively grow into 
posterior ones, finally extending in Archencephala above and 
beyond the cerebellum, and acquiring the proportions and condi- 
tions of the posterior horns of the lateral ventricles and ^ hippo- 
campi minores’ peculiar to and characteristic of the human 
brain. 

§ 408. Development of Mammalian Skeleton , — The notochord 
early begins to show a series of dilatations answering to the 
later intervertebral spaces.^ In the embryo head the blastemal 
coverings of the piers of the anterior cephalic haemal arch (maxil- 
laries) project freely, and appear as processes of the second (man- 
dibular) arch: only the proximal parts of the third (hyoidean) 
arch are indicated by indentations, and the piers do not project 
freely. The chief developmental mammalian modification*' arises 
from the proximity of the precociously and rapidly growing ap- 
pendages of the acoustic sense-organ (^ossicula auditfis ’) peculiar 
to the class : accompanied with a reduction of the proximal part 
of the mandibular arch to the support of the tympanum, and 
with a slight forward dislocation of the distal part of the arch. 
In Monotremes the tympanic (vol. ii. fig. 197, 28), large and 
well-ossified in the blind and naked young, has its growth ar- 
rested and diverted by the rapid and excessive growth of the 
malleus, Avhich becomes anchylosed to the tympanic by its long 
process, o, whilst its ‘ manubrium,’ e, gives attachment to the 
radiating fibres of the muscle of the ear-drum. The incus, 5, is 
represented by a small and early confluent epiphysis. The colu- 
melliform stapes d is relatively small as in other Mammals. Tlie 
base of the mandible extends inwardly to join the tympanic, and 
its articular sui'face is also extended outward, as in the Bird : jthe 
conformity with the Chick in the relations of both tympanic and 
mandible to the primary and transitory cartilaginous haemal arch, - 
and the plain homology of the ossicle, 5, with the better developed 
incus of higher Mammals, are decisive against the revival of 
Reichert’s ill-founded conclusion as to the homology of the Mam- 
malian incus with the os quadratum (tympanic) of Birds and 
Reptiles. In the mammary Kangaroo the tympanic, embracing 
by an upper bifurcation the hind part of ^ Meckel’s cartilage,’ 
deyelops a convexity below adapted, to the inner side of the 

* CCCXXIIl". 
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ascending ramus of the mandible, and a smooth joint-like sur- 
face, fitting into the upper concavity of the inverted angle, 
answering to the persistent inner articular part of the condyle in 
birds. ^ The fourth hasmal arch is close to the occiput in the llumi- 
nant, and retrogrades as the neck is lengthened out by vertebras 
interposed between head and chest. It retains, in Cetaceans, 
almost the typical position exemplified in Fishes. 

The common ossification of articular ends of bones from centres 
distinct from that of the shaft is a mammalian developmental cha- 
racteristic. The ultimate confluence of the ^epiphyses’ (vol. ii. 
p. 297) with the ^ diaphysis ’ indicates maturity of growth : but 
in this relation there are differences in the same skeleton and in 
different species. In Man the epiphyses of the limb-bones toward 
which the ^arteriae nutritias ’ run (p. 619) first coalesce with the 
shaft ; those at the distal end of the humerus and proximal ends 
of the two antibrachials, e. g., at puberty, those at the opposite 
ends of the same bones at the twentieth year. The proximal 
epiphysis of the femur coalesces about the eighteenth year, the 
distal one at the twentieth ; the proximal epiphysis of the tibia 
joins the shaft about the twenty-fifth year, the distal cpij)hysis 
five years earlier. The epiphyses of the vertebral bodies coalesce 
about the twenty-first year in Bimanay but they continue distiiujt 
for a much longer ])roportional period of life in Cetacea, Epi- 
physes and short bones of limbs, those of the carpus and tarsus, 
e. g., continue cartilaginous some time after the shafts of the 
long bones are ossified, as shown in fig. 586. This figure also 
exemplifies the early manifestation of ordinal characters; the 
inner digit of the pelvic limb, in the foetal Monkey ( Cercojtithecus 

sabmis) already shows by its relative 
shortness and divergence from the 
others that it is destined to o])posc 
them, and to terminate the member by 
a prehensile hand ; while, from the 
earliest manifestation of the digits of 
the same limb in the human embryo, 
the ^ hallux ’ by its proportions and 
parallelism with the other toes indi- 
cates the destination of the answerable 
part to become a plantigrade foot, perfected to sustain and move 
the body of an erect Biped. 

§ 409. Membrana pupillaris . — The differences in degree of indi- 
' ccxcv". p. 727. 
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vidual development attained at birth parallel, in Mammals, those 
in Birds expressed by the terms altrices and proscoces (vol. ii. 
p. 265). The hoofed quadruped enters the world with the use 
of all its senses ; in a few hours can follow the dam, and keep 
])ace with her if she sees 
cause for flight : the feline ^^^7 

is born blind and helpless ; 
some days elapse ere the 
commissure of the eyelids is 
unsealed. Corres 2 )onding 
steps in the human organ 
of vision are completed be- 
fore birth. At the fifth 
month of fa*tal life the pu- 
pi!lai*y aperture is very 
wide, and is occupied by a 
rich layer of looped cai)ilLa- 
ries supported by a produc- 
tion of the membrane of the 
a([UeOUS humour, fig. 587, a. Membranarupinaris.numaw foetus, cv". 

As the iris is developed the 

j)upil contracts and the vessels of the pupillary membrane diminish 
in size and number ; so that at the eighth month only a few vessels 
are seen crossing the transparent membrane, as at B. Shortly 
before birth, or for a week after, a mere slired of the membrane 
may be detected, as in c and r>, and these are soon absorbed. 

§ 410. Facial circulatwH, — The early stages in the development 
of the vascular system closely correspond, in Jlammals, with those 
in Birds (vol. ii. p. 263, fig. 136): the steps in the establishment 
of the aortic arch, with their relations to conditions of primary 
branches characteristic of species, and to rare anomalies, have been 
explained at pp. 534-537; here, therefore, there only remain a few 
w^ords to be said of the foetal characters of the circulating system. 

The blood of the fietus, after passing through the ramifications 
of the allantoic arteries, fig. 588, u', u, in the placcntti, returns 
by the allantoic vein, u. This, on entering the abdomen, passes 
above and superficial to the duodenum, within the peritoneal fold 
called ‘suspensory ligament’ of the liver, to the great fissure of 
that organ, where it carries j)art of its blood directly, by the 
‘ ductus venosus,’ f/, to the post-caval, V, and part is distributed by 
the branches of the portal vein, L, through the substance of the 
liver, and is then conveyed by the hepatic veins, /, into the 
general current of the returning blood. Thus, the right auricle 

3 c 2 
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of the heart, A', receives not only the blood which has circulated 
through the body of the foetus, but also that Avhich has j^assed 
through the placenta, consequently a mixture of venous and ar- 
terial blood; — the blood in the precaval, v*, being entirely 
venous, that in the post-caval, v, being mixed. A part of this 
blood so accumulated in the right auricle 
passes into the left auricle. A, by the ^ fora- 
men ovale,’ /, in the septum auricularum, 
and it is chiefly the blood from the post- 
caval which takes that course. The rest of 
the blood entering the right auricle passes 
into the right ventricle, ii', and thence into 
the pulmonary artery : but very little blood 
is sent to the collapsed lungs, for a passage 
of communication continues from the pul- 
monary artery into the descending aorta by 
retention of part of the third primitive arch, 
fig. 420, forming the ^ ductus arteriosus,’ 
fig. 588, I); thus the greater m«ass of the 
blood, which in the adult would have pro- 
ceeded to the lungs, is in the foetus imme- 
diately transmitted to the aorta, A. This, 
after its origin from the left ventricle, 
delivers almost all the blood expelled by the 
contraction of that cavity into the carotid 
and subclavian arteries, while the ductus 
arteriosus passing between the trunk of the 
pulmonary artery and the descending aorta 
directs the blood which passes through the 
right ventricle to the lower regions of the body. In this mannei* 
the upper regions are supplied with the most arterialised part of 
the blood from the left side of the heart and aorta, while the 
])iirely venous blood is propelled from the right ventricle through 
the pulmonary artery and ductus arteriosus into the descending 
aorta, and consequently into the lower part of the body, and by 
the allantoic arteries to the placenta. The circulation in the 
foetal Mammal thus offers a close and interesting analogy to tlu\t 
in adult Crocodilian Keptiles (vol. i. p. 512). 

The foramen ovale in the septum of the auricles, the ductus 
arteriosus passing from the pulmonary arteiy to the aorta, the 
ductus venosus leading from the allantoic vein to the post-caval, 
and the allantoic (umbilical) vein and arteries, arc the structural 
peculiarities of the mammalian foetal circulating organs. These 
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])assages are all closed up, and the allantoic vessels obliterated at 
the navel, after pulmonic respiration is established at birth. 

§ 411, Definition of Male and Female Organs , — In the Mam- 
malian as in other vertebrate embryos the urogenital parts, before 
sliowing distinction of sex, appear in a seemingly more complex 
or multiplex condition than when per- 
fected at a later stage. As in fig. 589, 
we recognise the basis of the true or 
])ersistent kidneys, «, with their duct, 

e ; the antecedent deciduous kidney, M ^ 

or ^Wolffian’ body, A, is here on the I r 1 

wane, with its excretory duct, /*; the 3 

beginning of the essential genital ^ 

gland is marked c, the adrenals, d, ^ 

and the tubes called ^ ducts of Mill- 

In the male Mammalian embryo the 
duct,/', becomes connected by a white /nfr^ 

granular process with a similar one 
IVom the gland, c, on the inner side of — nw/ 

the Wolffian body ; by tlie union of WII/l 

these offishoots is formed the cpididy- r ^ 

mis, and the -laud e can then be de- vr„go„uaiimrt»of E,„hrro. lxx.v. 
termined as the testis; the ducts, 

g, shrink and are metamorphosed into the protometra. In 
the female there arc not such converging growths between the 
duct jf and the gland c: the duct /* shrinks with the Wolffian 
body, and is reduced to the remnant recognisable in the adult 
as a ^ canal of Malj)iglii,’ But the tube, 17 , rises above the Wolffian 
body, expands as at r, fig. 590, and afterwards 02 )ens at f. As 
the Wolffian body atrophies, 
the duct, f fig. 589, be- 
gins to be tortuous in the 
male, and becomes ^ sperm- 

duct’; wliilc g shriiiks: but, \ \ 

in the female, g widens, Iv Ml] ^fn 

and becomes, as in fig. ,591, 
oviduct, c, and uterine horn, 

5; but the distinction is . late ) f 

in tlic Kuminant embryo. . '' 

rrogcnltal organs, faHal Sheep, crcxxi". 

in the Jiuman embryo at 

three months, the lower or distal portions of c, r, fig. 592, have 
dilated and become fused into the uterus, a, Avhich still shows 


Urogeniral parts of Embryo, lxxiv". 




Urogenital organs, faHal Sheep, crcxxi" 



ANATOMr OF VKKTEBKATE8. 


rjs 

of its pnvciitive division. The remnant of the tVolffian 
body, is long recognisable as the ^parovarium.’ The 

ovaries, (f, d, are smooth and elongate ; the round ligaments, />, />, 
are relatively large. 

In certain malformations more or less of the primitive condi- 
591 


Female organa, fcetal Ueer. ccoxxi" Female organs, Iluiiiaii faHius of iliree uionilis. cirxxi” 

tions of the genital organs are retained, and give rise to ^ her- 
maphrodite’ states of the parts. In fig. 593, a, a, are the testes 
with which the ducts, /, in fig. 589, had effected their union, 

593 and become ‘ vasa dc- 

ferentia,’ fig. 593, d, d: 
h is a combination of epi- 
didymis with the abdo- 
minal ends of the ‘ miil- 
lerian ducts, ’y, figs, 589, 
o93, here continuing 
closed and having be- 
come adherent to the 
mass including a rem- 
nantof the Wolffian body. 
Development of the mul- 
lerian ducts has, how- 
ever, proceeded to a de- 
finition of the oviduct or 
fallopian tube, fig. 593, 
and of the uterine 
with the body 
of the uterus and vagina, 
ei it is normally reduced 
to ‘ protometra,’ in fig. 

525, c. 

§ 412. Descent of testes— In all Mammals, save the true testi- 
conda, a preparatory structure is established for either periodical 
or pennanent withdrawal of the testes from out the abdomen. 



Genital organs of Hermaphrodite Goat, the male parts 
predominating, ccxxxix". 
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In the human foetus this structure, called ^ gubernaculum testis/ 
fig. 594, consists of a central axis of soft gelatinous substance 
rife with nucleate cells and surrounded by fibrous tissue, which 
soon exhibits the striped characteristic of voluntary muscle. Some 
of these fibres rise from the bottom of the scrotum, lo, and traverse 
the abdominal ring, 6, here diagrammatically indicated in Cuu- 
liiNG’s excellent article CCXLii"; by ‘Poupart’s ligament,’ 7, 7 : a 
second series of fibres, 9, arise from ^ Poupart’s ligament,’ and, 
Avith the pubic fibres, 8, seem in many Lissenccphala to be an 
inverted jiart o#the internal oblique and transversales muscles : 
the whole, inclosed by aveolar tissue, and connected by a fold of 



Diagram of the gaheniaculum and tcatlclc Diagram of the tOBticlc immediately after Its arrival 

previous to its descent. ccxiaC'. in the scrotum. cc.xlii". 

peritoneum to the psoas muscle, extends to the testis, 2 , This 
‘ gubernaculum ’ shrinking or contracting, or both, between the 
fifth and six months of human gestation, draws the testis from 
below the kidney, i, to the abdominal ring, 6, where it rests to 
the end of ’the seventh month. During the eighth month it 
traverses the inguinal canal, and by the end of the ninth month 
has reached the scrotum, Avhere it is commonly found at birth, 
witli the remnant of the scrotal part of the gubernaculum, 
fig. 595, 2 . The iliac, 4, and the pubic, 5, portions of the mus- 
cular tissue have now become the ^cremaster’: the bag of peri- 
•toneum, 3, 3, carried out with the testis, i, is converted, by 
obliteration of the neck, into ‘ tunica vaginalis testis.’ In scrotal 
Mammalia, as a rule, it remains pervious, and it communicates 
widely with the abdomen in periodical testiconda. 
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CHAPTER XXXIX. 

MAMMARY AND MARSUPIAL ORGANS. 

§ 413. In Monotremata . — In a female Ornlthoi^mchiis, shot in 
December, and of which the ^corpora lutea’ indicated that she 
had recently brought forth young, the mammary glands formed 
an oblong flattened mass on each side of tlic ventral parietes of 
the abdomen. Each gland was composed of between one hundred 
and two hundred elongated subcylindrical lobes, fig. 596, con- 
verging to a small Oval areola, fig. 597, in the abdominal integu- 
ment, situated between three and four inches from the cloaca, and 
about ,one inch from the medial line. The lobes are rounded and 
enlarged at their free extremities, and become narrower to about 
one-third from the point of insertion, where tliey end in slender 
ducts, fig. 596, a. Almost all the lobes are situated at the outer side 
of the areola, and consequently converge toward the mesial line of 
the abdomen : in fig. 596 they are exposed by reflecting outward 
the skin. Between the gland and the integument the panniculus 
camosus is interposed, closely adhering to the latter, but con- 
nected with the gland by loose cellular membrane. This muscle 
is here a line in tliickness, its fibres arc longitudinal, and, sepa- 
rating, leave an elliptical space for the passage of the ducts of 
the gland to the areola. On the external surfiice of the skin, 
when the hair is removed, this areola can only be distinguislied 
by the larger size of the orifices of the lacteal ducts, com])ared 
with those for the transmission of the hairs. The orifices of the 
ducts thus grouped together form an oval spot, five lines in the 
long and three in the short diameter. Neither in this nor any* 
other of the many specimens in which I have dissected the mam- 
mary glands was the surface on which the ducts terminated raised 
in the slightest degree beyond the level of the surrounding 
integument. 

In a full-grown female, killed in August, in which two enlarged 
ovisacs indicated the preparation of ova for imj)rcgnation, the 
mammary gland was reduced to the size given in fig. 598 : divcr<>-- 
ing tracts of cellular sheaths with fat indicated a previous seasonal 
enlargement. 

® • 

Mercury injected into tlie substance of a lobe diffused itself 
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m minute globules through 
the parenchyma, and at a 
distance of an inch it en- 
tered a central duct, down 
which it freely ran to the 
areola, where it escaped 
externally from one of the 
minute orifices just de- 
scribed. This process Avas 
repeated on most of the 
lobes Avith similar results : 
the greater part of them 
terminated by a single duet 









Mammary areola, Ornithorliynchus ; iiat. 
size. Lxxvi'. 


opening exteriorly and dis- 
tinct from tlic rest, but in 
a few instances the ducts 
of tAVO contiguous lobules 
united into one, and in these 
cases the mercury returned 
by the anastomosing duct 
and j)enetratcd the sub- 
stance of the other lobe as 
freely as that into aa^IucIi 
the pipe had been inserted. 

Some of the lobes in jected 
by the reflux of the mercury 
through the duct, and of 
Avhieh it Avas more certain 
that the glandular structure 
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a. 

ilammary gland, OrnIthorliynclin«i ; nat. size »t non-breeding 
aeasou. LXXVI^ 



i'erminal ducts, and lobe of mammary gland, Injected ; 
twice nat. sir.e. Lxxvt'. 


and not the cellular mem- 
brane was filled, were 
dried, and various sec- 
tions Vere submitted to 
microscopical examina- 
tion. At the greater ex- 
tremity they are minutely 
cellular, the cells com- 
municating Avith ducts 
elongating as the lobule 
grows narrower, dilating, 
and terminating in a 
larger central canal, or 
receptacle, from Avhich 
the excretory duct is con- 
tiiuied. On making a 
section of the corium 
through the middle of 
the areola the ducts arc 
seen to converge to the 
external surface, but 
there is no inverted or 
concealed nipple at this 
))art, as in the Kangaroo. 
Fig. 599 gives a magni- 
fied view of this section, 
with the section of one 
of the dried and injected 
lobules. On the first an- 
nouncement, by Mec- 
kel, of the existence 
of abdominal glands of 
the size and structure 
shown in fig. 596, it was 
objected, that they did 
not possess the charac- 
ters of a true mammary 
gland, and that they re- 
sembled rather the clus- 
ters of elongated follicles 
situated on the flanks of 
Salamanders, and still 
more to the odoriferous 
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scent-glands at the sides of the abdomen in Shrews, which are most 
active at the season of the rutJ I put this questioii to the test, 
first by showing the true structure of the mammary lobules, and 
next by comparing the relative size of the glands with the con- 
dition of the ovaria.^ The abdominal scent-glands are present in 
both sexes, and become largest in the male Shrews : but, in the 
Ornithorhynclnis the glands are confined to the female, and vary 
in degree of development at different periods in individuals of equal 
size, attaining an enormous development after gestation and being 
small at the rutting season. The secretion being conveyed out- 
Avardly by means of numerous long and narroAv ducts indicates its 
fluid nature, and is contrary to the mode in wdiich odorous sub- 
stances are excreted. The excretory orifices are by no means 
extended over so wide a si^ce, in proportion, as in the Shrew, 
l)ut are collected into one which accords with the size of the 
mouth of the young animal, and this spot is situated in a part of 
the l)ody convenient for tlic transmission of a lacteal secretion 
fVom the mother to her offspring. 

(Compared with an ordinary mammary gland, that of the 
Ornithorhynchus differs chiefly in the absence of the nipple, and, 
consequently, of the surrounding vaseular structure necessary for 
its erection. But the remarkable modification of the mouth in 
the young Ornithorhynchus removes much of the difficulty which 
])reviously attached itself to the idea of the possibility of an 
animal with a beak obtaining its nutriment by suction. The 
width of the mouth in the smallest observed Ornithorhynchus, 
fig. 600, corresponds with the size of the mammary areola ; and 
thebrojid tongue, extending to the apices of the broad, short, and 
soft jaws, fig. 601, with the fold of integument continued across 
the angle of the mouth, are all modifications which prepare us to 
admit such a co-adaptation of the mouth of the young to the 
mammary outlet of the parent as, with the combined actions 
of suction in the recipient, and comj)ression of gland in the 
expcllcnt, to effect this essentially Mammalian mode of nourish- 
ment. 

The circumstances which first attract attention in these singular 
objects, fig. 600, are the absence of hair, the soft flexible condition 
of the mandibles, and the shortness of these parts in proportion 
to their breadth as compared with those of the adult. The in- 
tegument with which the mandibles are covered is thinner than 
that which covers the rest of the body, and smoother, presenting 
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Yindcr t\\c lens a minutely granulated surface wlicn the cuticle is 
reino\ed, ivlncYi, however, is extremely thin, and has none of 
the horny character which the claws at this period present. 
The margins of the upper beak are rounded, smooth, thick, and 
fleshy; the whole of the under mandible, fig. 601, //, is flexible, 

and bends down upon the neck 
when the mouth is attempted to be 
opened. The tongue, ib. A, which 
in the adult is lodged far back in 
the mouth, advances in the young 

601 


Hoad of yountr Ornlthorbynclius. 
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animal close to the end of the lower mandible ; all the increase of 
the jaws beyond the tip of the tongue, which in the adult gives rise 
to a form of the mouth so ill calculated for suction or application 
to a flattened surface, is peculiar to that period, and consequently 
forms no argument against the fitness of the animal to receive 
the mammary secretion at an earlier stage of existence. The 
breadth of the tongue in the lai'ger of the young S 2 )ccimens was 
3^ lines ; in the adult it is only one line broader ; and this dis- 
pro 2 )ortionate development is iflainly indicative of the importance 
of the organ to the young animal, both in receiving and swallow- 
ing its food. The mandibles are surrounded at their base by a 
thin fold of integument, which extends the angle of the mouth 
from the base of the lower jaw to equal the breadth of the base 
of the upper one, and must increase the facility for receiving the 
milk ejected from the mammary areola of the mother. Tlie 
oblique lines which characterise the sides of the lower mandible 
in the adult were faintly visible on the corresponding ])arts of the 
same jaw of the young animal : a minute ridge of the inner sides 
of these lines indicates the situations of the anterior horny teeth 
of the adult. 

The exterior nostrils, ib. «, communicate with the mouth by 
the foramina incisiva, which are situated at netirly three lines 
distance from the end of the upper mandible, and arc each 
guarded by a membranous fold extending from their anterior 
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margin : the nasal cavity then extends backward, and terminates 
immediately above the larynx, the tip of the epiglottis extending 
into it, and resting upon the soft palate. 

On the middle line of the upper mandible and a little anterior 
to the nostrils there is a minute fleshy eminence lodged in a slight 
depression, fig. 601 , b. In the smaller sj)ecimen this is surrounded 
by a discontinuous margin of the epidermis, with which substance, 
therefore, and ]jrobably (from the circumstance of its being shed) 
thi(!kcncd or liorny, the caruncle had been covered. It is a 
structure of wliicdi the ujjper mandible of the adult presents no 
trace, and is obviously analogous to the horny knob which is 
observed on the up})er mandible in the fiuctus of aquatic and 
gallinaceous Birds. I do not, however, conceive that this struc- 
ture is necessarily indicative of the mandible’s having been ap^died, 
under the same cii’cumstances, to overcome a resistance of pre- 
cisely the same kind as that for which it is designed in the young 
Birds which possess it. The shell-breaking knob is found in 
oidy a part of the class ; and although the similar caruncle in the 
Ornithorhynchus affords a curious additional affinity to the Aves 
2)r(‘coccs, yet, as all the known history of the ovum 2)oints strongly 
to its ovo-vivi2)arous development, the balance of evidence is still 
in favour of the young being brought forth alive. 

The situation of the eyes, ib. c, was indicated by the conver- 
gence of a few wrinkles to one point; but when, even in the larger 
of the two specimens, these were jmt iqwn the stretch, the in- 
tegument was found entire, and completely shrouding or covering 
the eyeball anteriorly. The fact is of imjKn’tancc to the question 
of the mammiferous character of the Ornithorhynchus. For on 
the su|>position of the young animal possessing locomotive facul- 
ties, Avhich would enable it like the young gosling, immediately 
after birth or exclusion, to follow the parent in the water, and 
there to receive its nutriment (whether mucous or otherwise), the 
sense of vision ought certainly to be granted to it in order to 
direct its movements. The jirivatiou of this sense, on the con- 
trary, implies a confinement to the nest, and a reception on land 
of the mammary secretion of the parent. The auditory orifices, 
ib. f/, are situated about a line behind the eyes. The general 
form of the body and the cartilaginous condition of the bones 
of the extremities equally militate against the young Ornitho- 
rhynchus possessing, at this period of its existence, active powers 
of swimming or creeling. The head and tail are closely a})})roxi- 
mated on the ventral aspect, requiring force to pull the body out 
into a straight line ; and the relative quantity of integument on 
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the back and belly shows that the position necessary for the due 
jn'ogressive motions is unnatural at this stage of growth. 

The toes on each of the four feet were completely formed, and 
terminated by curved, conical, horny claws ; but the natatory 
fold of membrane of the fore foot had not the same proportional 
extent as in the adult, and the spur of the hind foot did not 
project beyond its socket in either specimen. In the smaller one, 
Avhich was a male, it presented the form of an obtuse papilla ; 

while in the larger specimen, al- 
though a female, it was more plainly 
developed and more pointed, fig. 602, 
f. This circumstance is in exact ac- 
cordance with the known laws of the 
development of sexual distinctions, 
especially of those of secondary im- 
portance, such as beards, manes, 
plumes, horns, tusks, spurs, &c., 
which do not avail in distinguishing 
scxcs till towai’ds tlic i)eriod of 
puberty. 

In the Echidna hystrix the mammary glands resemble in 
structure and position those of the Ornithorhynchus : but the 
ducts, when the gland is functionally developed, open into a 
small tegumentary pouch, fig. 603, c. The gland, ib. a, is of a 
flattened, subelliptic form. The lobules converge toward the 
mesial line, in their course to terminate in the fundus of the 
pouch. Each lobe is a solid parenchymatous body ; the duct is 
more directly continued from a canal which may be traced about 
halfway toward the fundus of the lobule ; the canal gives off 
numerous short branches from its circumference, which subdivide 
and terminate in clusters of subspherical ^ acini ’ or secerning 
cellules. The structure is on the same general plan as that of 
the mammary glands in higher Mammals, but the cellules are 
proportionally larger. Each gland consists of about 100 long, 
narrow, flattened lobes, obtusely rounded at their free ends; 
they are surrounded by a loose capsule of cellular tissue, and 
lie between a thick ‘ panniculus carnosus,’ adherent to the abdo-^ 
minal integument, ib. d, and the ^ obliquus externus abdominis ’ 
muscle, on a plane exterior or ^ lateral ’ to the pouch. On each 
side of the abdominal integument, about two inches in advance 
of the cloaca, and about three inches and a half from the 
base of the tail, is the aperture, which is longitudinal and di- 
rected towards the median line. The skin of the abdomen, where 
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it begins to be inverted, loses thickness, and at the fundus of 
the pouch, ib. c, is only half as thick as where it overspreads the 
abdomen. 

I have not hitherto met with any trace or beginning of such 
abdominal pouches in the various Ornithorhynchi in which I have 
had occasion to note different phases of the development of the 
ovaria and mammary glands. A warm-blooded air-breather, com- 
pelled to seek its food in water, could not safely carry the progeny 
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it had brought forth in a pocket beneath its body during such 
quest : all observers have noted the nest-making instinct of the 
Platypus, and in such tcmporaiy and extraneous structures only 
have the young been hitherto found. 

The question remains, whether the marsupial pouches of the 
Echidna increase with the growth of the young ? It is certain 
that they only commence with the growth or enlargement of the 
mammary glands preliminary to birth. In the young specimen of 
female Echidna in which the glands were first discovered^ their 
ducts oi)ened upon a plane surface of the abdominal integument. 
In a nearly full-grown uniinpregnated female there was also a 
total absencic of inflected folds of the integument where the 
mammary ducts terminate. Some movement, perhaps, of these 
ducts in connection with the enlargement of the mammary lobes, 
under the stimulus of preparation for a coming offspring, may, 
with associated growth of the abdominal integument surrounding 
the areola, be amongst the physical causes of the first formation 
of the pouch. 

The young Echidna, ib. e, resembles the new-born Kangaroo 
in the proportions of the limbs to the body, in the inferior size 
and development of the digits of the hinder pair, and in the fee- 
ble indication of eyes or eyelids. But the mouth is proportionally 
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widoY, and \\as tlie form of a transverse slit ; it is not circular. 
TJ\)on t\\c upper Up, in tlic inidline between the two nostrils, 
IS a small protuberance, corresponding to that in the young of 
the Ornithorhynchus paradoxus^ and wanting the cuticle. The 
tongue is broad and flat, extending to the ‘ rictus oris,’ but 
very sliort in proportion to that of the parent, and of a very 
different shape. The tail is much shorter than in tlic young 
Kangaroo, and shows as much proj)ortional size as in the full- 
grown Echidna, in Avhich it is a mere stump concealed by the 
quills and hair. The head is proportionally longer and more 
slender in the marsupial foetus of the Echidna than in that of the 
Kangaroo, and already, at this early period, foreshows the cha- 
racteristic elongation and attenuation of that part in the mature 
animal. The form of the mouth, as a transverse slit, is a good 
monotrematous character of the young at that period, since in all 
true or teated marsupials the mouth of the maininary fetus has 
a peculiar circular and tubular shape. A scarcely visible linear 
cicatrix at the middle of the lower part of the abdomen is the 
sole trace of umbilicus. A bifid, obtuse rudiment of peiiis or 
clitoris projects from the fore part of the single urogenital or 
cloacal aperture, and in advance of the base of the tail-stump. 
Of the brain, the largest part is the mesencephalon, chiefly con- 
sisting of a vesicular condition of the optic lobes. 

The fore limbs, in their shortness and breadth, foreshow the 
characteristics of those of the parent, which may be said, indeed, 
to retain in this respect the embryonic character with super- 
induced breadth and strength. The digits have already some- 
thing of the adult proportions, the first or innermost of the five 
being the shortest, the others of nearly equal length, but gra- 
duating shorter from the third to the fifth ; each digit is termi- 
nated by a claw : in the hind limb, the second is already the 
strongest and longest, the rest more rapidly shoj’tening to the fifth 
than in the fore leg ; the innermost, agreeably witli the law of 
closer retention of type in the embryo, though the shortest of the 
five, is less disproportionally so than in the adult. The young 
nestles its head and fore-limbs within the marsu])ial fossa, cling- 
ing by its precocious fore claws to the skin or hairs of that part, 
and imbibing by its broad, slit-shaped mouth the nutritious se- 
cretion as it is pressed by the muscles acting upon the gland 
from the areolar outlets of the ducts. 

§ 414. In Marsupialia , — In Marsupials the mammary glands 
have a more compact form and minutely conglomerate structure 
than in Monotremes. They are developed on each side the linca 
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alba at the back of the marsupial depressions, or of the pouch ; 
they arc not fewer than two on each side (^Macropus, Hypsi^ 
jirymnus, Phalanyhta^ Petaurus^ Phascolarctos^ Phascolomys^ ; nor 
more than thirteen, six on each side and one midway (^Didelphys 
inryiniana'). The follicles, from the inner surface of which the 
milk-cells are detached, are cylindrical in shape, in. in 

diameter ; grouped in clusters of from ten to twenty on short, 
slender ducts, which enter the sides of larger canals, these 
uniting to form four or six conical dilatations, from the apices of 
which as many slender ducts pass to the apex of the nipple. 
This is peculiar for its length and slenderness when in use ; but 
in the young and virgin Marsupial it is much shorter, and lies at 
tlie bottom of an inverted part of the skin of the back of the 
pouch, which becomes thin and is reflected over the end of the 
iiij)ple, like the prepuce over the glans penis. The mammary 
glands enlarge after impregnation, and rapidly a day or two 
before uterine birth ; when, partly from development of the 
nipple, partly from pressure of the enlarging gland, aided perhaps 
by the action of its compressor muscle, the sheath is everted and 
^hc nipple protruded. The preliminary infolding of the integu- 
ment provides for the covering of the long ni])ple, which now is 
pendant at the back of the pouch. The compressor muscle arises 
from the ilium between or near to the lower attachment of the 
internal oblique and ^ transversalis abdominis ; ’ it passes out of 
the abdominal ring, bends round the marsupial bone, expands as 
it turns upward and inward behind the pouch to surround partly 
by carncous, partly *by sclerous fibres, the mammary glands, 
dividing into as many insertions as there arc glands of its own 
side. This muscle ileo-marsupialis’ of Cuvier) is the homotype 
of the ^cremaster’ in the male (p. 10); and the chief function of 
the ossification of the internal pillar of the abdominal ring (mar- 
supial bone) is to add the power of the pulley to the coinj^ressor 
of the mammary gland, and eflTect the requisite change in the 
course of the contractile fibres. In the pouch of a young Mar- 
supial the ni])ples are indicated by the inconspicuous orifices 
of the teat-sheaths. Once naturally protruded and the sheath 
everted, the nipples continue external. In the Kangaroo, after 
being some weeks in use, they present a slight terminal expan- 
sion, fig. 604, (L This part lies in a deep longitudinal fossa on 
the dorsum of the tongue, ib. a ; and the originally wide mouth 
of the utcidnc fictus is changed to a long tubular cavity, with a 
terminal sub-circular or triangular aperture, just large enough to 
admit the nipple, to which the young Marsu])ial thus very firmly 
VOL. iir. 3 D 
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adheres. In the new-born Opossum the oral pore is singularly 
minute, and the mother s nipple has an obtuse but not expanded 
termination. 

In the Phascogale, in which the nipples are relatively larger 
than usual, and of a subcompressed clavate form, the young, 
when grown too large to be carried in the pouch, arc dragged 
along by the mother, if she be pursued, hanging by the nipples. 

The number of nipples bears re- 
lation to that of the young brought 
forth at a birth ; although, from tlic 
circumstance of the produce of tAvo 
gestations being for a short time 
suckled simultaneously, the nipples 
are never so few. Thus the unipar- 
ous Kangaroo has four nipples, of 
which the two anterior are generally 
those in use : the Petaurists, which 
bring forth tAvo young at a birth, have 
also four nipples ; Avhilst the multipar- 
ous Virginian Opossum has thirteen nipples, six on each side and 
the thirteenth in the middle. In the Didelph/s Opossum there are 
nine nipples, four on each side and one in the middle. The 
delphys dorsifjera has the same number of nipples, although six is 
the usual number of young at a birth, fig. 605. In the Phasvo^ 
pale penicillata there are eight nipples arranged in a circle. The 
Perameles nasuta has the same number of nipples arranged in tAVo 
slightly curved longitudinal roAvs; this Marsupial has three or four 
young at a birth. In all iVIarsupials the milk exudes from six to 
ten minute orifices arranged round the apex. The nipple increases 
in size with the groAA th of the mammary foetus appended to it. 

The development of the marsupial poucJi is in an inverse ratio 
to that of the uteri and directly as that of the complicated vagime : 
thus it is rudimental jn the Dorsigerous Opossum, which has the 
longest uteri and the simplest vaginae ; we may conclude therefore 
that the young undergo a greater amount of development in the 
Avomb in this and allied species ; and here, if in any Marsupials, 
beginnings of a placental structure may be found. In the Kanga- 
roos and Potoroos, Avhich have the shortest uteri and longest vaginal 
tubes and cul-de-sac, the marsupial pouch is Avide and deej). It 
is composed of a duplicature of the integument, of which the ex- 
ternal fold is supported by longitudinal fasciculi of the panniculus 
carnosus converging beloAv to be implanted in the 8ymj)hysis 
pubis. The mouth of the sac is closed by a strong cutaneous 


604 
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sphincter muscle. The interior of the pouch is almost naked : a 
few hairs grow around the nipple ; it is lubricated by a brown 
sebaceous secretion. The mouth of the pouch is directed for- 
wards in most Marsupials : the reversed position in the Perameles, 
and Chieropiis^ where the 
mouth is directed towards 


the vulva, has been already 
noticed. 

In the male Thylacine 
the rudimcntal marsupium 
is retained, in the form of 
a broad triangular depres- 
sion or shallow inverted 
fold of the abdominal in- 
tegument, from the middle 
of which the peduncle of 
the scrotum is continued. 
In the female the orifice of 
the ca])acious pouch is situ- 
ated nearer the posterior 
than the anterior boundary 
of that rcceiitaele. 

From experiments and 
observations made at the 
London Zoological Gar- 
dens in 1833, I inferred 
that in the case of the 
Kangaroo the fore paws 
were not used for the trans- 
mission of the fertus, but 
to keep open the pouch 
ready for its rccej)tion, the 
new-born animal being de- 
posited therein by the 
mouth, and so held over a 
nipple until the mother 
had felt it grasping the 



Female Didelpliys dorslgcra, with young and pouch. 


sensitive extremity of the nipple. 

This means of removal is consistent with analogy ; dogs, cats, 
mice, all transport their young from place to place with the 
mouth. In the case of the Kangaroo, it may be supposed that 
the foetus would be held by the lips only, not the teeth, on 
account of its delicate consistence. There is no internal passage 
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from the uterus to the pouch : — the mouth of the vagina cannot 
he brought into contact with that of the pouch, either by mus- 
cular contraction in the living or by any force of stretching in 
the (lead Kangaroo : — as the young was proved by the result of 
this experiment not to have the power of itself to regain the 
nipple, a fortiori we may conclude that it could not transfer itself 
from the vulva to the interior of the i)ouch and to the apex of the 
nipple : — the fore-paws of the Kangaroo would not so effectually 
protect the tender embryo from the external air as the mouth, 
nor so safely ensure its passage to the pouch, notwithstanding 
that they are adroitly used in grasping objects, being similar, in 
respect of the extent and freedom of motion of the digits, to the 
fore-paws of the llodents. 

The new-born Kangaroo {Macrojnis major, fig. 606), which I 
discovered in the pouch a few hours after uterine gestation, 
606 measured one inch from the mouth to the 



root of the tail, was (luite naked, and covered 
by a thill semitransparent vascular integu- 
ment; the place of attachment of the umbi- 
lical chord was obscurely indicated by a 
longitudinal linear cicatrix. The fore-legs 
were longer and stronger than the hind ones, 
and the digits were provided with claws ; 


fertux riiKi loft nipries, tlic tocs vTcrc dcvclopcd ou the Iiind-lcgs ; 
Muaopusnutjor. bofly was bcut forwai’d ; and the short 


tail tucked in between the hind-legs. This little animal breathed 
strongly, but slowly : no direct act of sucking could be perceived. 
Such, after a gestation of thirty-eight days, is the condition of 
the new-born young of a species of Kangaroo, of which the adult, 
when standing erect on his hind-feet and tail, can reach to the 


height of seven feet. 

It has greater powers of action than the same sized embryo of 
the sheep ; but less than has the new-born young of the rat. 
For, although it is enabled by the muscular powers of the ‘ orbi- 
cularis oris,’ and those of the precociously-developed tongue, to 
grasp and adhere firmly to the nipple, it seems unable to draw all 
the needed sustenance therefrom unaided. And here the modified 


" cremaster’ comes into play, being adapted to inject the milk into 
the small feeble prematurely-born creature’s mouth. One cannot 
suppose that its efforts at su(3tion should always and exactly 
coincide with the mother’s act of injection. And we find, in 
fact, provision for the required special relation of the larynx to 
the posterior nares. The epiglottis and arytenoid cartilages arc 



MAMMARY ORGANS IN MARSUPIALIA. 


773 


elongated and approximated, and the rima glottidis is thus 
situated at the apex of a cone-shaped larynx, fig. 604, e, which 
projects into the posterior nares, where it is closely embraced by 
the muscles of the soft palate. The air-passage, is thus com- 
pletely separated from the fauces, and the injected milk passes 
in a divided stream on either side the larynx to the msophagus. 

Thus aided and protected by modifications of structure, both 
in the system of the mother and its own, designed with especial 
reference to each other’s peculiar condition, and affording, there- 
fore, the most irrefragable evidence of creative foresight, the 
small offspring of the Kangaroo continues to increase, from sus- 
tenance exclusively derived from the mother, for a period of 
about eight months. During this period the hind-legs and tail 
assume a great part of their adult proportions ; the muzzle elon- 
gates; the external cars and eyelids are completed; the hair 
begins to be developed at about the sixth month. At the eightli 
month the young Kangaroo may be seen frequently to protrude 
its liead from the mouth of the pouch, and to crop tlie grass at 
the same time that the mother is browsing. Having thus 
acquired additional strength, it quits the pouch, and hops at first 
with a feeble and vacillating gait, but continues to return to the 
po|^h for occasional shelter and supplies of food till it has at- 
tained the weiglit of ten pounds. After this it will occasionally 
insert its head for the purpose of sucking, notwithstanding 
another foetus may have been deposited in the pouch ; for the 
latter attaches itself to a different nipple from the one which had 
been used by its predecessor. 

Dr. Meigs ' reckons the utero-gestation of a female Didelpliija 
Virginiana^ which bred in captivity, as extending from the 18th 
February to the 7th March — a period of seventeen days^ — when 
she brought forth thirteen young, which were found attached to as 
many nipples. The mainmaj began to enlarge four days prior to 
birth. On the 6th March she was observed to lay on her side 
with her nose turned inward between her legs towards the belly, 
and took scarcely any notice of her keeper’s hand when intro- 
duced into the box : the transit of the fmtuses was probably in pre- 
paration or operation at this time. The young, observed on the 
7th, and which were certainly not in the pouch on the 5th, and 
probably not until the night of the 6th, were naked, of a rose 

* In ti valuable memoir on the Reproduction of the Opossum, ccrxxviii". 

'•* JDr. Barton computed the utero-gestation of the Virginian Opossum at from twenty- 
two to twenty-six days : his female ])rought forth seven young on the 2 1st of March ; 
and had shortly before that time given suck to five young ones as large as rats. i.xxx'. 
p. 320. 
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tint, each 3^ grains in weight, and 8-l()ths of an inch in length 
to the end ot the tail: adhering strongly to the nipple, suck- 
ing actively, and clinging to the fur by the unguiculate digits of 
tiieiv fore-limbs, nhich they used freely. One survived separation 
from the nipple one hour and twenty-nine minutes, turned itself 
over and moved round the glass in various directions : rcsj)iring 
by the nostrils twenty-two times per minute, and ejecting bubbles 
of milk from mouth. The hind-limbs were each a mere bud, 
with feeble indications of toes, without claws. The tongue is very 
large — ^ the entire weight of the head. The power of suction 
is such that the point of a pencil applied to the oral pore is held 
so strongly that the young can be partially lifted up by it. On 
March 14th the young w^eighed 12 grains, showing an increase 
of w^eight at the rate of 250 per cent, in seven days : it was now 
inch long. . On March 18th the weight was 18 grains: the 
claws appeared on the hind-toes : the testes had descended into 
a large scrotum. The eyelids were still sealed, but movements 
of the eyeball were visible beneath the skin. On May 22nd 
Dr. Meigs found one of the young crawling on the body of the 
dam ; its weight was 42 grains ; the eyes were open. This gave 
a term of marsupial gestation of 74 days. But the young return 
to the pouch for food and shelter until near the time for recejjg^on 
of a succeeding litter. 

In Thylacinus the pouch opens backward, or vent-ward, as in 
Perameles ; and shows four nipples.' In a female which carried 
there three young, each 1 foot in length from the snout to the 
end of the tail, the length of the pouch was 8 inches ; its aperture 
was 34 inches wide, and the bag expanded as it extended forward to 
a width of 6 inches. The teats were 4 inches long. The young 
were males : the testes had descended into a pendulous scrotum one 
inch in advance of the cloaca, from which the grooved but undivided 
penis projected : the eyelids wex-e closed, but not adherent. The 
tongue presented a longitudinal rising, with a medial groove, tlie 
rising fitted into a depression on the roof of the mouth bounded 
by two, parallel, long and narrow palatal bones, recalling the con- 
dition of these bones in Sauriu, In Myrmecobius ^ the female is 
destitute of a pouch and has, apparently, eight nipples, arranged 
in a circle.’ ^ 

Besides the natural and portable nest, some Marsupials ( Didel- 
phys, Fhascoyale, Chceropus, Perameles) construct artificial ones. 
Perameles myosiirus, c.g. ‘ makes a compact nest in a hollow of 
the ground, of grasses and other materials, which assimilate closely 

> CCLXXXI". p. 148. •- t’Cf^xxx". p. 894. 
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in colour and appearance to the surrounding herbage : the nest 
is generally inhabited by the pair, with three or four young, when 
these are so large as to quit the pouch. 

§ 415. Ill Lissencepliala. — The fertile and commonly multi- 
parous species of the Rodent order have corresponding provision 
for the nourishment of the young in the number of nipples. A 
seeming exception is presented by the domesticated breed of S. 
American Cavy, called ^ Guinea-pig.’ The prolific power of this 
well-fed pet is proverbial : they begin to breed at two months old, 
and gestation may be repeated at intervals of two or three months. 
The first litter consists of four, the second of five or six ; and, 
as full maturity is gained by the mother, she may bring forth 
eight, ten, and even twelve young : and yet she has only two 
ni])ples to serve them, turn and turn about. The teats are large 
and prominent, but lodged in a small shallow pouch, one on each 
side of the hind part of the belly. The mammary glands, hoAv- 
cver, attain a size more in accordance with the demands upon 
them : they are not pendant, like an udder, but flat and spread 
over the abdomen. The wild original ( Cavia aperea, Linn.) 
breeds but once a year, and then has but one or tAvo young. 
DoUchotis has but tAA^o young. Echimys appears to have but 
tAvo teats, placed midAvay betAvecn fore and hind legs: Renngcr 
found two young in the nest at the bottom of the burroAv : they 
Avere blind The Paca ( Codoyenys)^ with commonly two young, 
has four teats ; and this number is not suri)asscd in Layostomus^ 
Cercnlahes, Erithizon, Hystrix, Capromys, Helnmys^ Dipus, and 
some species of Sciurus (^Sc. palmar urn). In the Biscacha the 
anterior pair of teats is inches behind the base of the fore- 
legs ; the posterior pair 2 inches farther back. In the prehensile 
Porcupine the hind nipple is midAvay betAveen the fore and hind 
leg, the front nipple mklAvay between this and the base of the 
fore-leg. Both these species, the common and the Canadian Por- 
cupines, have usually two at a birth. The mother Coypu usually 
carries her young upon the back in her frequent traverses of the 
river she frequents : her teats are easily reached by the young so 
transported, as they project from the flanks, nearer the back than 
the belly : the anterior pair are just behind the shoulders : tlie 
posterior pair anterior to the haunches. The nipples are rather less 
elevated than in the Coypu, in Hydrochoirus, which SAvims Avith the 
young on her back : they are also lateral in Layostomus, Octodon, 
Hahrocoma, and Nelomys,^ In Octodon the foremost nipple is 
^ inch behind the base of the fore-leg : the hindmost pair are 
* ccxxxix", * CCLXXX". p. 299. 
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inguinal In the burrowing Mole-rat the anterior nipple is on the 
inside of the base of the fore-le^, the posterior one at the middle 
of the inner side of the thigh. There are six teats in Bathyergm^ 
eight in Loncheres^ Octodon^ and Dasyprocta^ ten in Myoxus^ 
and Lepus ; twelve in the Rat and Mouse : even fourteen are said 
to have been noted in the Agouti, but this is probably abnormal. 

The Insectivorous order yields the maximum number of nipples 
in the mammalian class ; as many as twenty-two having been 
observed in the tropical Hedgehog called Tenrec ( Centetes), and 
the number rarely falls below fourteen. In such multiplica- 
tion of teats and lacteal glands they extend along the under 
surface of the body from the pectoral to the inguinal region ; 
and, in some Shrews {Sorex crassicaudatus^ c.g.), the last pair 
of teats projects from the under side of the thick base • of the 
tail. In the common Hedgehog (^Erinaceus) there are ten teats, 
three pairs thoracic and two pairs abdominal, ranging from the 
pectoral to the inguinal regions. The thin and flat mammary 
glands seem to form a continuous stratum. In Shrews and 
Moles the teats are from six to eight in number. In the volant 
Insectivora they are usually reduced to two, and are pectoral in 
position, whence Linnaeus was led to avail himself of this, with 
another outward genital character, to unite Bats in the same 
order {Primates) with Apes and Man. But the Sloths have one 
pair of pectoral teats and mammary glands. Many Armadillos, 
likewise, have two pectoral teats; to which, in a few kinds 
{D. novem^cinctus, e.g.), a pair of inguinal teats are added. The 
two-toed Anteater has two i^ectoral and two ventral teats. The 
great Anteater {Myrmecophaga jubata) is limited to two pectoral 
mammae. The young animal remains with the mother for the 
space of a year, and is carried on her back. In a species of 
Phyllostoma I have seen two pubic as well as two pectoral teats. 
The latter in all bats arc almost laterally placed, and in Pteropns 
are axillary : the nipple when in use becomes long, compressed, 
and sub -pedunculate. The Colugo {Galeojiithecus volans) has two 
nipples in each arm-pit; they become large during maternity, for 
the young cling long to them. 

Among JAssencepkala the Rodents arc most remarkable for 
nidificatory instincts. The little Harvest-mouse {Mus messorius) 
builds a round nest, like a Tit’s, and attaches it, high up from 
the ground, to the sterns of full grown rye, barley, or other cereal. 
The nest of the Marsh Hare {Lepus palustris) is formed of a 
large kind of rush {Juncus effusus), cut into pieces about a foot 
in length, and is arched over; the foundation of the nest is 
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usually a tussock surrounded by water, like a lake-dwelling ; the 
number of young is from four to seven. 

§ 416. In Mutilata . — In Cetacea the mammary glands, two in 
number, are oblong, narrow, flat bodies, lying between the dermal 
and abdominal muscles, with the subcutaneous blubber between 
them and the skin. The requisite mass of glandular substance 
at the suckling season is obtained hy horizontal extent, not by 
thickness, so that they do not project, or interfere with the requi- 
site shape of the natatory animal. Each gland has a principal duct 
running in the middle through the whole length of the gland, and 
collecting the smaller lateral ducts, which are made up of the still 
smaller ones. ^ Some of these lateral branches enter the common 
trunk in the direction of the milk’s passage, others in the contrary 
direction, especially those nearest to the termination of the trunk 
in the nipple. The trunk is 


large, and appears to serve as 
a reservoir for the milk : ’ ^ it is 
continued from the hinder end 
of the gland, and terminates in 
a nipple concealed in a cleft, fig. 
608, c, one on each side of the 
vulva, a, and toward the vent, b. 






. 'J 



M.'irriniary rlcfl. dUfitod, exlilliltliig’ n»e in’ppio 
iiml its oriflccB, rorpoise. ccriXXXiu". 


PuHltlou of niaiiiinary clefts, Porpoise, 
ccuxxxiii". 


The lateral portions of the cleft are composed of parts looser in 
texture than the common skin, which is probably to admit of the 
elongation or projection of the nipple. On the outside of this 
there is another small fissure, which gives greater facility to the 
movements of all these parts. 

The nipple itself, shown by dilating the mammary fossa in 
fig. 607, is perforated by numerous lacteal ducts. Hunter thus 
alludes to the unusual circumstances under which the act of 

• xciv. p. 392. 
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sucking must be performed in the present aquatic mammals : — 
‘ As either the mother or young one will be prevented from 
breathing at the time, their nostrils being in opposite directions, 
therefore the nose of one must be under water, and the time of 
sucking can only be between each respiration.’ The considerable 
lacteal reservoir, and the quality of milk it contains,^ relate to this 
difficulty. 

Some stress has been laid on the assistance which the muscles 
in contact with tlie mammary gland might afford by compressing 
the gland and ejecting the milk accumulated in the dilated recep- 
tacle ; ^ but,’ as I remarked in cxLiv''. p. 594, ^ when we consider 
how great the pressure of the surrounding water must be upon 
the extended surface of the mammary gland, we may readily con- 
ceive that when the nipple is grasped by the mouth of the young, 
and the pressure removed from it by the retraction of the tongue, 
the milk Avill be expelled in a copious stream by means of the 
surrounding pressure alone, independently of muscular aid.’ 

In iSirenia the mammary glands, also a pair, are pectoral in 
position ; the teats are prominent and conspicuous at the suckling 
season. The mother has been seen holding her youiig to the 
breast, with one flipper, and maintaining both her own and her 
offspring’s nostrils above water. The resemblance to a black 
Avoman and child has attracted attention, and the appearance of 
the tail-fin as she dived, has served to perpetuate the seaman’s 
faith in the ^ mermaid.’ 

§ 417. In Unfjiilatn. — The Elephant resembles the Dugong in 
the number and position of the mammary glands and teats, which 
project betAveen the fore-legs. The young animal compresses the 
gland Avith its proboscis as its sucks. 

In the unimpregnated Khinoceros the mammary glands, two in 
number, form a thin layer expanding forwards beneath the ab- 
dominal integument, between the dermal and abdominal muscles. 
The nipples are tAvo in number and inguinal, are situated 14 
incncs in advance of the vulva, and 2| inches apart from one 
another. They are subcompressed, obtusely rounded at the 
extremity, and about 2 inches in length: about a dozen lacti- 
ferous ducts open upon the somewhat flattened summit of each 
nipple. 

In the Mare and Ass the mammary glands, tAVO in number, arc 
situated between the thighs at a distance of about 9 inches in 

• ‘ The milk is probahly veiy rich ; for in that canp:ht near Berkeley with its young 
one, the milk, which was taster! by Mr. Jenner, and Mr. Ludlow, surgeon, at Sodbury, 
was rich like cow’s milk to which cream had been added.’ xoiv. p. r‘ 192 . 
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front of the vulva. The nipples project, one on each side of the 
mesial line, an inch and a half apart, Aear the base of the ^ pre- 
putium clitoridis ; ’ the lactiferous ducts open, above the base of 
the nipple, into a large reservoir, which is divided by an internal 
septum into two chambers, one situated in front, and the other 
behind; from each chamber a separate duct is derived, whicli 
passes along the nipple as far as its extremity, where it termi- 
nates. The orifices arc one behind the other, about a line apart. 
The rudimental nipples, in the male Equidee^ arc concealed 
Avithiri the prominent annular preputial fold of integument, and 
long escaped observation.^ 

The Tapir has two inguinal nipples. The smaller and more 
prolific Perissodactyle, Hyrax^ has four teats, all inguinal in 
position.^ 

In the IIip])opotainus the two teats are inguinal, small, and 
round in the virgin female. The Peccari has four teats, two 
ventral, two inguinal. The Wart-hog (^Phacoclmriis) has six 
nijiples ; two inguinal, four ventral: the Water-hog {^Potayno-- 
chcerus) has eight nipples, and such is sometimes the number in 
the wild Sow ; but in the domestic breeds the nipples arc seldom 
below ten in number, distributed from the pectoral to the inguinal 
region. 

All ruminants have the mammary glands compacted into a 
roundish mass, more or less pendulous when in full function ; 
divisible into two glands, each remarkable for its large lacteal 
reservoir, from whicli the milk is conveyed to either one pair or 
two pairs of teats ; these, when in use, are so elongated as to 
have received the speciial name of ^ udders ; ’ they are always 
inguinal in position, are hollow and have a contracted tubular 
terminal aperture. 

Moschidee, Ocidm, many Antelopes, including the Gazelles, 
IBubalincs, Avith Bnhalus moschatns^ have but two teats. An- 
tilope daina, A. sti'e2)siceros^ A. Oreas, and their allies have 
four teats. All CervidcB, from the great Elk to the little Roe, 
have four teats ; as have also the Camels, Camelopard, and all 
Bovincs. In some of our domestic coavs a supernumerary jiair 
is occasionally developed. Behind each teat, in the Gazelle, 
there is a pouch of skin, opening forward, about seven lines in 


' Solidiinfjfuhi mascuhi mammas non kahent. Riii, Synops. method. Anim. quad. &c. 
p. 64. 

- SciiHKimR found only this uumher in Ili/rax capcnsi.% as did EjiiiExnmio in II. 
S^riacus. DiiSMAitKST adds a pectoral pair, but this needs confirmation. 
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depth, reminding one of the jmir of marsupia in Echidna^ save 
that the milk escapes in front of, and not into, the pouches. 

§ 418. In Carnivora, — In the Seal-tribe, including the Walrus, 
the number of teats does not exceed four. In the Otters 
{Enhydra^ Lutra) only two teats have been observed, ventral in 
position. The Mustelidce have from four to six ventral teats. 
Six is the common number in Ursidce^ two being pectoral and four 
ventral. In Cercoleptes I found but two ventral teats. Procyon^ 
MeleSy Taxidiay Nasua^ have six ; Ailuriis has eight teats. The 
palm-cats (Paradoxurus) and Ichneumons {Herpestes) have four 
ventral teats. They seem not to exceed that number in the Hyae- 
nas ; but in the Civets two pectoral nipples are sometimes added to 
the four ventral ones. The felines have usually six nipples, four 
ventral, and two pectoral ; but in the domestic cat eight have 
been seen. The CanidcBy wolf, dog, jackall, fox, have usually 
eight teats. 

§ 419. In Quadriimana, — In the Aye-aye {Chiromys^ there is 
but one pair of nipples, situated about an inch and a half in ad- 
vance of the vulva, and one inch apart: they are sub-elongate, 
obtuse, with about a dozen terminal lacteal pores. To such a 
pair of inguinal nipples some Leinuridce [Stcnoj)s^ Tarsius^ Micro- 
cehns, e.g.) add a pectoral pair; while in Otolicnus and some 
kinds of Maki {Lemur catta, e.g.)* two pairs of pectoral nipples 
have been found. 

In platyrhine and catarhine Qiiadrurnana the mammary glands 
and nipples are restricted, as a rule, to a single pair, and 
to the pectoral region. In the ordinary quadrupedal progres- 
sion, the young, with its belly applied to that of the mother, 
clings back downward, by the fore and hind feet to her flanks, 
holding on by the mouth to the teat between her fore -legs. In 
the seated posture the mother ape holds her young to the nipple 
by the fore-limbs, in a very human fashion. The integument 
covering the mammary gland is not protruded by its enlarge- 
ment in the form of a hemispheroid ^ breast : ’ it is covered with 
hair, like the rest of the body, becomes conical and pendulous, 
with much elongation of the nipple, as the suckling period is 
prolonged. In an Orang-utan {Pithecus satyrus), 1 have ob- 
served an accessory nipple on the left side, below the normal 
one and of smaller size.^ From ten to twelve lacteal ducts open 
upon the apex of the normal nipple in the Orang. Around the 
base of the nipple open the orifices of sebaceous ducts. 

§ 420. In Bimana the mammary glands, two in number, are 

' XX. vol. V. p. 208, 110. 3775 a. 2 ^ 



MAMMAlir GLANDS IN BIMANA. 


781 


subdepressed circular bodies, thicker at the middle than at the 
circumference, which, with the connected sclerous, areolar, and 
adipose tissues, raise the pectoral integument, at puberty, in 
the form of two large hemispheres or ^ breasts ; ’ and, from a 
little below the centre or apex of each, pro- 
jects the ^ nipple.’ The base of the ^ breast’ 

corresponds to the interval between the third 
and the sixth or seventh ribs. The gland is of 
a firm texture and pale reddish colour: the 
secerning follicles, when injected \vith mer- 
cury, are just visible to the naked eye. Mag- 
nified four times, they present the appearance 
shown in fig. 609. They arc aggregated in I 
clusters or ‘glandules’ of different sizes, sus- ng folliclos and ul- 

.1 1 , 1,. n .1 . e lolmlos of Himiaii 

pended by the duct resulting trom the union Main my giand, injert- 

of those of the follicles. The short or stem- 
ducts open into a wide canal, and those, fig. 

610, e, by successive unions, form dilated reservoirs of a coni- 
cal form, ib. h, from the apices of which are continued the 


610 



From a Cooporian prcimratloii of parts of tJir Hinnan mnniniar}' gland, Injcctod from six terminal dnrt-s, 
a, a, and dried, ccnxxxiv". 


‘ straight ducts,’ u,, a, of the nipple. The gland is enclosed in a 
sclerous capsule, fig. 611, «, firmest where it is attached to the 

derm, whence arc continued processes into the substance of’ the 
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gland subdividing it^ or defining its lobes ; and which, from their 
connection with the tegument, are called ^ suspensory ’ ligaments. 
Finer processes connect the oj)posite surface or base of the gland 


611 



From a ronperian proparatloii of tlie sclerous framework and attachments of tlie Human mammary gland. 
A lJri^tI{; is i>assed helilnd some of tlie straight or terminal lactiferous ducts, ucnxxxiv". 


with the fascia of the jiectoral muscle, The nipple in the 

virgin is a rounded cone and nearly smooth ; at sixteen years 
lt_, is slightly wrinkled ; at seventeen it has small papilhc upon 
its surface ; from twenty to forty yejirs the papilhc are large ; 

from foi'ty to fifty the nip- 
ple becomes wrinkled; from 
fifty to sixty the nipple is 
elongated ; and in old age 
it usually has a warty ap- 
pearance. When in use 
its extremity expands and 
shows the circularly dis- 
posed conspicuous pores of 
the lacteal ducts. The pa- 
pillas of the nipple, fig. 612, 
are directed toward its apex. 
The coloured j)ortion of 
skin around the base of the 
nipple is the ^areola;’ it 
expands and changes from 
a reddish colour to a dark 
brown, after impregnation. Around the base of the nipple are 
orifices of complex sebaceous glands. The skin of the areola is 
covered with papilhc, like those of the ni{)ple, but of smaller size ; 
they are disposed in circles, directed toward the nipple, so that 


612 



Sensitive ii.T-pillie of tlie Human iiipule and areola : nat. 
size, cci.xxxiv". 
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they also are opposed to the papilhe of the lips of the child : being 
highly vascular and nervous, they yield, when so grasped, a sen- 
sation which is followed by erection of the nipple through a 
fitting arrangement of its vascular tissue. The homotypal gland, 
in the male, varies from four lines to two inches in diameter. 
Astley Cooper succeeded 
in demonstrating its conform- 
able structure to the func- 
tional gland in the female : 
fig. 613 is taken from his 
preparation. Under special 
circumstances and stimuli 

such gland may be develOT)ed Socominj? folUrlea and ducts of tlie male uiamnmry 

^ ^ ^ . gland. Injected with quicksilver ; iiat. size, cclxxxiv". 

SO as to attord sustenance to 

the infant, of which more than one case has been recorded. 

The chief varieties in the female mammary organs relate to 
})rolonged periods of lactation, as in those inferior races in whom 
the dugs become so extended as to permit the nijiple to be thrown 
over the shoulder to the child carried on the mother’s back. 
Cuvier noted an unusual breadth of the mammary areola in the 
‘ Hottentot Venus.’ * 

Anomalies of supernumerary nipples and glands are rare.^ 

On a retrospect of the comparative anatomy of the mammary 
organs wc see that the modifications of these j)ersistent tributaries 
to the growth of the young mammal serve as little to charac- 
terise groups as do the deciduous nutritive organs at the uterine 
period of life. A pair of pectoral mammae would associate to- 
gether as heterogeneous an assemblage of s])ecies as does the dif- 
fused, or even the discoid, placenta. We may, however, discern 
in part, the uses of mammary modifications ; whilst the teleological 
relations of a zonular, a cotyloid, or a cotylcdonal afterbirth can, 
at best, be but very vaguely guessed at. 

§ 421. Adipose substances, — These are common to all orga- 
nisms, protozoa, plants, animals.^ In Mammalia 'they exist 

* CCLXXXV". 

* In tlie instance narrated in ccnxxxvi". the second nipple on each side was onc- 
sixth the size of tlie normal one, and Hitualed near the anterior margin of the axilla. 
Wlien gently pressed, a milky fluid flowed from several duets opening ii}q>n its 
extremity. Wlien milk was drawn from the normal hreasts. a small quantity usiially 
escaped from the superadded nipples, but their flatness prevented the mother suckling 
her cliildreii by them. 

* IluNTKR, who sometimes clothed liis far-reaching thoughts in paradoxical language, 
writes : — ‘ Eat is no part of an animal : for first, it- is not animal substance ; sicondly, 
an animal is the same without it as with it, — it is to be considiuvd as an adventitious 
matter; and thirdly, it is found both in vegetables and minerals, and, therefore, is u 
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tinder conditions which vary in the degree of temperature re- 
quired for congelation, as ^ oil/ ^ marrow/ ‘ lard/ ^ spermaceti/ 
‘ suet/ The most solid fats when subject to pressure aftbrd 
some fluid oil, termed ^ elaine/ and when the fluid fats are cooled 
to about 32^ tliey deposit a concrete element called ^ stearine : ’ 
the temperatures of congelation indicate the varying proportions 
of elahie and stearine. Whether or not it be in relation to the 
degree of cold to which the hoofs of some ruminants are subject, 
in traversing the snows of arctic climes, the oil called ^ neat’s 
foot ’ owes its use in the arts to its maintaining its fluidity below 
the freezing point. Blubber-oil, which becomes lardy at 45*^ or 
50® Fahr., and is fluid above 55®, most abounds in the thick 
subcutaneous tissue of the Cetacea. The fat of the hog-tribe, 
horse-tribe, most Lissencephala^ Carnivora^ Quadrumana^ and 
Birnana^ is in the state of ‘ lard.’ It exists as suet and tallow in 
Ruminants. Spermaceti is peculiar to the Cachalot whales 
(^Phijseter^ Euphysetes), 

Some Rodents, the Hare, e.g., show little or no fat; but it 
occasionally accumulates in the tame Rabbit. In many Rodents 
it is limited to the abdominal cavity and its special peritoneal 
processes. In the Seal-tribe and Whale-tribe, on the contrary, 
there is no fat in the abdomen, or in the mesenteric or omental 
duplicatures of the lining membrane. The subcutaneous areolar 
tissue to which it is limited in these aquatic mammals has a 
coarser reticulate structure in the Seals, the Grampus, and Bnlce- 
neptera^ than in the Porpoise, Sperm-whale, and B a lama. In all 
Cetacea the containing tissue is finer upon the trunk, and coarser 
toward the tail. Fat is subcutaneous in the Hog and human sub- 
ject, but is also present in the great serous cavities, intermuscular 
spaces and joints, in variable degrees. 

F at is to the adult what milk is to the young — a source of 
nourishment when no other is available. Certain Bovines of the 
troj)ics, where during the rainy season luxuriant grasses abound 
on plains parched up in the dry season, accumulate fat and other 
assimilable substances in a dorsal hump at the period of plenty, 
and absorb its contents during that of drought. The Camels, 
when their food abounds, store up similar superabundant nutritious 
matters in one (C. dromedarius) or two (C. hnctrinn?is) larger 
humps : whereby they are able to endure unusual fasts by re- 

substance common to every class of matter.’ xx. vol. iii. p. 209. The ternary com- 
pounds of carbon, hydrogen, and oxygen, discovered in the condition of petroleum and 
its allies, in mineral strata, are suspected, with good reason, to have originated in 
organic bodies. 
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absorbing those accumulations ; concluding their journeys across 
the desert with the special stores of fat much reduced. Simi- 
larly, in other Mammals, when the digestive function and ap- 
petite are in abeyance, as in disease, or when food is withheld 
or scarce, the general fat is absorbed ^ to support the actions of 
the machine.’ ' Hence the need of accumulations of this nutritive 
material in torpid mammals prior to their falling into that state, 
as in Marmots, Hedgehogs, &c. The subcutaneous fat, which 
forms a thick layer in October, becomes thin in March, yet 
remains after the fat of the abdomen, mesentery, and about the 
kidneys has quite disappeared; suggesting, as Jenner remarks, 
that the external fat also serves as a defence against cold.^ The 
subcutaneous wrap of blubber in the naked Cetacea^ serves as the 
non-conductor of heat, in place of hair. 

In Physeter portions of spermaceti occur in the general subcu- 
taneous blubber, but the main bulk is stored in the vast supra- 
cranial basin, in cells of areolar tissue, strengthened by aponeu- 
rotic partitions. The purest spermaceti lies in the smallest and 
most delicate cells : it is the stearic constituent in excess which 
crystallises on cooling. For economic purjioses these masses are 
separated by pressure in woollen bags from the elaine, then 
washed with a weak solution of caustic potash, melted in boiling 
water, and strained. Thus prepared for commerce spermaceti 
appears as semi-transparent brittle masses of a foliate fracture, 
soapy to the touch, with a slight odour and greasy taste: its 
specific gravity is *943 ; it fuses at about 114° ; the purified cry- 
stalline scales deposited from a solution in boiling alcohol, form 
^ cetine.’ From the blubber of species of Delphinus a peculiar 
fatty principle called ^ phocenine ’ is obtained. The characteristic 
colour of goats’ fat is associated with a principle called ^ hircin.’ 

With ordinary stearine a variable proportion of ^ margarine ’ 
is always combined, and both these and ‘ elaine ’ are compounds 
of a distinct fatty acid with the SAveet principle called ^glycerine.’ 

* XX. vo]. iii. p. 213. • Ib. p. 216. 
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CHAPTER XL. 

GENERAL CONCLUSIONS. 

§ 422. Biological Questions o/1830. — At the close of my studies 
at the Jardin des Plantes, Paris, in 1831, I returned strongly 
moved to lines of research bearing upon the then prevailing 
phases of thought on some general biological questions. 

The great Master in whose dissecting-rooms, as well as in the 
public galleries of Comparative Anatomy, I was privileged to 
work, held that ^ species were not permanent : ’ and taught this 
great and fruitful truth, not doubtfully or hypothetically, but as 
a fact established inductively on a wdde and well-laid basis of 
observation, by which, indeed, among other acquisitions to science. 
Comparative Osteology had been created. Camjier ’ and Hunter ^ 
suspected that species might be transitory ; but Cuvier, in de- 
fining the characters of his Anojjlotheriiim and Palceotherium, 
&c., proved the fact. 

In this truly scientific labour the law of the subordination of 
the different organic characters to the condition of the whole 
animal was first appreciated, clearly enunciated, and its applica- 
tion shown to the reconstruction of lost species from fragmentary 
remains. The importance of this generalisation may be paralleled 
with that of the principle of equivalents in chemical science. 

Of the relations of past to present sjiecies, and the conditions 
of their succession, Cuvier had not an adequate basis for a de- 
cided opinion. Observation of changes in the relative position of 
land and sea suggested to him one condition of the advent of 
new species on an island or continent where old species had died 
out. This view he illustrates by a hypothetical case of such 
succession,^ but expressly states: — ^ Je ne pretends pas qu’il ait 
fallu une creation nouvelle pour produire les esj)eces aujourd’hui 
existantes, je dis seulement qu’elles n’existoient pas dans les 
memes lieux, et qu’elles ont dfi y venir d’ailleurs.’^ 

Geoffrey Saiut-Hilaire, whose discussions with his colleague in 
the " Acadernie des Sciences ’ made its annals of 1830 memorable, 

* ccxcii". * ccxcTii". and other authors cited in cxxxix. p. xlv. 

• CXXXIX. tom. i. p, Ixiii. < Ib. 
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equally rejecting the idea of new creations/ opposed to Cuvier’s 
inductive treatment of the question the following expression of 
belief; — ^Je ne doute pas quo les animaux vivants aujourd’hui 
ne proviennent, par une suite de generations, et sans interruption, 
des animaux perdus du monde antediluvien.’ " But with regard 
to the demonstration of the proposition, of the truth of wliicli he 
could not entertain a doubt, Geoffroy Saint-Hilaire expressly 
states: — ^ Je crois que les temps d’un savoir veritablement satis- 
faisant en geologie ne sont j3as encore venus.’ 

The main collateral questions argued in these debates, to some 
of which 1 listened, and to all the reports and consequent pamph- 
lets relating thereto devoted intense attention, aj^peared to me to 
be the following : — 

Unity of Plan or Final j)urpose, as a governing condition of 
organic development ? 

Series of species, uninterrupted or broken by intervals ? 

Extinction, cataclysmal or regulated ? 

Development, by epigenesis or evolution ? 

Primary life, by miracle or secondary law ? 

On returning home and resuming office with additional duties 
at the Koyal College of Surgeons, I was guided in all my Avork 
Avith the hojje or endeavour to gain inductive ground for conclu- 
sions on these great questions. 

§ 423. Homology or Teleology ? — Cuvier held the Avork of 
organisation to be guided and gOA^erned by final ])urpose, or adap- 
tation, expounding this principle under the terms ^ conditions of 
existence ’ and ^ correlations of structure.’ Geoftroy denied the 
evidence of design, and protested against the deduction of a 
purpose as, e. g., from the coexistence of a A’alve AAuth a definite 
course of fluid : he contended for the principle Avhich he called 
^ unite de composition,’ as the law of organisation. Most of his 
illustrations were open to the demonstration of inaccuracy, and 
his arguments to the refutation Avhich they received from Cuvier 
in the debates in question; the logic, and, as it seemed, the 
facts, Avere on the side of teleology. The figurative language, 
moreover, in Avhich contemporary anatomists had expressed their 
views of a principle akin to Geoffrey’s was ill-calculated to enlist 
supporters. The expressions by Avhlch dlscijdes of the school 

* ‘Or, cetto proposition, d^ja contrairo aux plus ancionnes doiiiK^es historiquoti, 
repugne tout autant aux lumifercs de la rtiison naturolle qu’aux spt^culatioiis plus 
refl6chics des sciences physiques.’ — ccLXXXvii". p. 210 . 

* Also, more decisively: — ‘Les animaux porhis sont, par voie non interrompuo de 
generations et de modifications succcssives, les ancetros des animaux du monde actuel.’ 
— ccLXXxvii". p. 208 . 
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of Schelling illustrated, in the animal structures, the trans- 
cendental idea of ^ the repetition of the whole in every part,’ 
operated disadvantageously to the calm enquiry into the prime 
question at issue. To Cuvier this language seemed little better 
than mystical jargon, and he alluded to it with transparent con- 
tempt.* When he did extend inferences from comparative ana- 
tomy beyond the adaptation of structure to function, Cuvier 
went not beyond a recognition of what I have since termed 
^ special homologies ’ : ^ and this lowest degree of correspondence 
he explained on the ground of the subserviency of such lioinolo- 
gous parts to similar ends in different animals ; ^ viewing them, in 
fact, in that relation which I express and contrast by the term 
^ analogies.’^ With Cuvier answerable parts occurred in the zoo- 
logical scale because they had to perform similar functions. 

Most of my fellow-students at the Garden of Plants, in 1830, 
and some subsequent fellow-labourers, Johannes Muller, Rud. 
Wagner, Milne-Edwards, Agassiz, implicitly accepted this ex- 
planation of the fact of answerable bones and other jDarts oc- 
curring ill different species. 

After the publication of the ^Memoir on the Pearly Nautilus,’ 
and of tliose on Monotrematous and Marsupial generation, which 
subjects Cuvier had strongly recommended to my attention, the 
question of the condition or law of special homologies pressed itself 
upon me, more especially in connection with the task of arranging 
and cataloguing the osteological part of the Hunterian Museum.’* 
As my observations and comparisons accumulated, with liari 
passu tests of observed phenomena of osteogeny, they enforced a 
reconsideration of Cuvier’s conclusions to which I had previously 
yielded assent. To demonstrate the evidence of the community 
of organisation, I found that the artifice of an archetype verte- 
brate animal was as essential as that of the archetype plant had 
been to Goethe in expressing analogous ideas ; and as the like 
reference to an ^ ideal type ’ must be to all who undertake to 
make intelligible the ^ unity in variety ’ pervading any group of 

* 

* ‘Quant a M. Okon, il declare .]ps pieces en question Ics parlies 4cailleuses des 
temporaux, ou, selon son langage mystique, “la fourchette du membre sup^ricur de 
la, t^te.” — Get humerus de la Ute de M. Oken devient pour M. 8pix lo pubis de cette 
me me tete ; ou, pour parler un langage intelligible, un des osselets de I’ouie, savoir lo 
marteau/ — cxxxix. tom. v. 2® partie, p. 85. 

* CXL. p. 7. 

* ‘ Ce n’est qu’un principe subordonn^ a un autre bicn plus tdev(5 et bien plus f^cond, 
a celui des conditions d’existcnce, de la convenanco des parties, de leur coordination 
pour le role que I’animal doit jouer dans la nature. Voila le irai principe philoso- 
phique d’oii decoulent la possibility de certaines ressemblances.’ — ccxciv". p. 9. 

’ ‘ CXL. p. 7. * XLIV. 
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organisms.^ From the demonstration of this principle, which I 
then satisfied myself was associated with and dominated by that 
of ^ adaptation to purpose,’ the step was 2 )lain — to me inevitable — 
to the conception of the operation of a secondary cause of the 
entire scries of species, Avhether of plants, or vertebrates, or other 
grouj^s of organisms, such cause being the servant of predeter- 
mining intelligent Will.^ 

But, besides ^derivation’ or ^filiation,’ another principle in- 
fluencing organisation became recognisable in the course of studies 
and researches on Invertebrate animals. To this 2>i’inciple, as 
more csj)ecially antagonistic to the theological idea, I gave the 
name of ‘ irrelative repetition ; ’ sometimes also, as it prevailed 
most in plants and zoophytes, of ‘ vegetative ^repetition.’ ® The 
demonstrated constitution of the vertebrate endoskcleton, as a 
series of essentially similar segments, out of which, as corollary, 
came the power of enunciating not only ^ sj^ecial ’ but ^ general ’ 
and ^ serial ’ homologies, aj^jieared to me to illustrate also the law 
of irrelative re 2 )etition. The recurrence of similar segments in 
the sj)inal column and of similar elements in a vertebral segment, 
struck me as analogous to the repetition of similar crystals as the 
result of polarizing foi’ce in the growth of an inorganic body.^ 

Accoi'dingly, these results of extensive, patient, and unbiassed 
inductive research — or, if there were a bias, it was toward 
Cuvier — swayed with me in rejecting the principle of direct or 
miraculous creation, and in recognising a ^ natural law or secon- 
dary cause ’ as operative in the j)roduction of sj)ecics ‘ in orderly 
succession and 2 )rogression.’ ® 

§ 424. Successmi of Species, hroken or linked ? — To the hypo- 
thesis that existing are modifications of extinct sj^ecies Cuvier re- 
adied, that, in every mooted form of transmutation, the species 
were made to alter by small degrees, and that, therefore, traces of 
such gradual modifications were due from the fossil world : — ^ You 
ought,’ he said, ^to be able to show, e. g., the intermediate forms 
between the Paheotherium and existing hoofed quadrupeds.’ ® 

^ Such ‘ideal typo’ must not be confounded with the so-called ‘tj^es’ supposed 
to bo exemplified by certain living species. Arghments against the latter vague and 
ill-defined ideas are of no weight against tlio former, and indicate a certain obtuso- 
ness of apprehension in the objector. See cccxxvi". p. 31. 

* cxLi. (1849) p. 86. 

• ccxLix. p. 641 (1843); andvol. i. Preface, p. ix. 

^ cxn. p. 171. * CXLI. loc. eit. 

« ‘ Cependant on pout leur r^pondre, dans leur propre syst6m(*, quo si les e.sp^ces ont 
chang6 par degr^s, on dovroit trouver des traces de ces modifications graduelles; 
qu’entro le pala3otherium et les esp^ces d’aujourd’hui Ton devroit d^comTir qiielques 
formes intermMiaircs, et que jusqu’a present cela n’ost point arriv^.’— cxxxi;Kr 
tom. i. p. Ivii. 
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The progress of Palaeontology since 1830 has brought to light 
many missing links unknown to the founder of the science. My 
own share in the labour led me, after a few years’ research, to 
discern what I believed, and still hold, to be a tendency to a more 
generalised, or less specialised, organisation as species recede in 
date of existence from the present time.^ Even instances which 
to some have appeared to oppose the rule, ready exemplify it. 
The little marsupial carnivore, c. g., of the Purbeck beds, P/a- 
(jiaulax (p. 294, fig. 234), retained the typical numbers of premo- 
lars (/;. 1-4), all of them being carnassials : the more modified 
pliocene Thylacoleo had them reduced to the last {p. 4, fig. 233). 
So likewise in the later placental Carnivora^ the eocene form 
Hijcenodon, fig. 268, had the typical number of teeth, the three 
true molars here showing the carnassial form : in the existing 
Ilytcna and Felines the carnassials are reduced to, or concentrated 
in, a single molar. The oolitic Phascolotherium^ with the typical 
marsupial number of teeth, shows less differentiation in their form 
than in modern Opossums and Dasyures : the oolitic Amphitheria 
and Palofotheria manifest an earlier and more generalised type 
of dentition in the great number and similarity of character of 
their small molars. Both Ayioplotherium and Palceotherium^ with 
the majority of eocene placental Mammals, had the type-dentition 
of diphyoilonts.^ 

The two notable examples of Cuvier’s powers of restoration, 
viewed as Pachyderms, must have seemed widely different from 
any of the existing species of the order, and were so deemed. 
Tlie AnoplotJieruini more especially, among its singular peculiari- 
ties, unexpectedly exemplified one dental character, previously 
known only in the human subject. These seeming anomalies, 
however, lost much of their import as evidence of insulated form, 
or special creation, when they came to be viewed by the light of 
the law of the ^more generalised character of extinct species.’ 
Such law in its application to Anoplotherium also exemplifies the 
analogy between the earlier species of a class and the earlier 
stages of a foetus. When, for example, the divided metapodials, 
the persistent upper incisors, and the hornless cranium of the 
Anoplothere were recognised as retentions of * foetal peculiarities ’ 

* CCXLIX. Ed. 1843, pp. 129, 165; Ed. 1855, pp. 223, 332, 342. clxxx. and xvii'. 
pp. 1, 361, passim. Agassiz had been struck by indications of the same law in fossil 
fishes, and expressed it by the analogy of fcetal and mature structures (cccxxix". (1844) 
p. xxvi.), and this, in some degree, is true. The earlier forms of Mammalia, however, 
are not toothless, have rather an excess of teeth as compared with later and modern 
forms ; but they exemplify, in the main, a more * generalised ’ type. 

* V. p. 524. CLXXX. p. 361. 
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of existing ruminants,^ that extinct species was seen to favour 
rather than oppose the idea of organisation by secondary law. 

The discovery of the remains of the Hi])parion ^ supplied one 
of the links, required by Cuvier, between the Palceotherium and 
the Horse of the present day, and it is still more significant of 
the fact of filiation of species that the remains of such three-toed 
Horses are found only in deposits of that tertiary period which 
intervene between the older palaeotherian one and the newer 
strata in whi«h the modern Horse first appears to have lost its 
lateral hooflets. These relations I illustrated in my Lectures on 
Fossil Mammalia at the School of Mines (1857) by the diagram, 
fig. 614. 

Other evidences of gradation, in the case in question, have 
been brought to light. The molar series of the Horse includes 
six large complex grinders, individually recognisable by develop- 
mental characters as they are symbolised in fig. 280, p. .352. The 
representative of the first premolar is minute and soon shed. Its 
homologiie in PalcBotherium is functionally developed and re- 
tained, the type-dentition being adhered to.^ In Hipparion, d i 
is succeeded by a i smaller than in Palceotherium, but func- 
tional, with inflected folds of enamel on the grinding surface, and 
permanent. It exemplifies a condition intermediate to that in 
Palceotherium and Equus, It is not that the jaws of the Horse 
are too short to hold the full complement of grinders : on the 
contrary they arc relatively longer than in the Palajothere, being 
specially j^roduced between the grinders and cutters : the first 
grinder might seem, indeed, to have been taken away in order to 
add to the space for the aj)plication of the ^ bit.’ The transitory 
and singularly small and simple denticle, fig. 614, p i, compared 
with the large contiguous massive molar, m i, in the Horse, ex- 
emplifies the rudiment of an ancestral structure, in the same 
degree as does the hoofless ^ splint bones,’ ib. Equus, ii. ir. ; just 
as the spurious hoofs dangling therefrom in Hippnrion, ib. ll, iv., 
are retained rudiments of the functionally developed lateral hoofs 
in the broader foot of Palceothermm, ib. Ii. IV. 

Other missing links of this series of species have been supplied ; 
as, e. g., by iha Paloplotherium^ of the newer eocene of Hordwell, 

* CLXxx. p. 367. 

* ccciii". tom. ii. p. 25 (1832). Another species was discovered in the Miocene at 
Eppelsheim — the ^ Hippotherium^ of Kaup ; a third in deposits of similar age on th^ 
Sevvalik Hills ; a fourth, Hipparion prostyluMy Gv., at Vaucluso, in the south-east of 
1 ranee, in deposits ‘ peut-4tro plus r^cents quo la mollasse dans ces localit^s.’ — 
cccxxx". p. 432. 

* V. PI. 35, figs. 4, 6, 6. * cCcii". PI. 19, figs. 1, 1 a. 

* This modification, as the Paftrotheriutn omnum, Aymard, began to bo shown, at 
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Hants., by .the PalcBotherium aurelianense from the ^ molasse 
marine ’ of Orleans,' and by the PalcBotherium hippoides of the 
lacustrine calcareous beds of Sansan, all which deposits arc mi- 
ocene, or are transitional between eocene and miocene. In the 
first-cited example, the swollen termination of the lobe of the 
molar, answering to t*, m, fig. 268, remains longer as a detached 
column, fig. 269. In the two other Palieotherioids, the whole 
foot is longer and more slender, with a longer and thicker middle 
toe, than in the older eocene type -genus, whence^ the generic 
name Anchifherium applied to them by von Meyer.® It is in- 
teresting, also, to find that the transitional character is further 
marked by the smaller relative size of first premolar, whereby 
Anchitlierium intervenes, as in the modification of the feet, be- 
tween the PalcBotherium and Hipparion. 

Thus amply and satisfactorily has been fulfilled Cuvier’s 
requisition of 1821 : — ^ Entre le paheotherium et les especes 
d’aujourd’hui Ton devrait decouvrir quelques formes intermc- 
diaires.’ How, then, is the origin of these intermediate gradations 
to be interpreted ? One may first remark, that as PalcBotherium, 
Paloplotheriurn, Anchitlierium, Hipparion, and Equus, differ from 
each other in a greater degree than do the Horse, Zebra, and 
Ass, the difficulty of interbreeding would be greater, and the 
probability of fertility less, supposing those extinct genera to 
have co-existed. One cannot doubt, also, that every well-marked 
species of these genera paired within itself, and that they exem- 
])llfied respectively the character of a ^ group of individuals de- 
scended from common parents, or from such as resembled them 
as closely as they resembled each other.’ They did not, however, 
exist as species, during the same periods of time, far less so 
‘ from the beginning of things.’ The single-hoofed Horse- 
family cannot be traced further back than the pliocene tertiary 
period; the tridactyle equine species have not been found in 
strata earlier than miocene, and disappear in the upper eocene : 
the heavier-bodied shorter-legged species with three functional 
hoofs to each foot belong to upper and middle eocenes. Further- 
more, in the oldest eocene (London clay, super-cretaceous Con- 
glomerates and Plastic clay at Meudon, Paris), we get evidence 
of Ungulates {Pliolophus, Hyracotherium, Coryphodon), in which 
the perisso- and artio-dactyle characters were less differentiated 

the upper eocene at Velay, e.g., ere Palaoiherium proper had passed away. (Bulletin 
du Congr^s Scientifique de France tenu a Puy, 1866.) 

^ Also in the upper ©ocene.of the Basin of the Garonne, with Acerotherium. 

* Anchitherium occurs, also, in the ‘ marine molasse,’ or lower miocene, of St. 
Genies, Languedoc, 
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than in PalcBotlierium and Anoplotherium^ affording additional 
significant evidence of progressive departure from generalised 
type. Thus, the succession in time accords with the gradational 
modifications by which Palceotherium is linked on to Equus. 

With this additional knowledge the question, ^ whether actual 
races may not be modifications of those ancient races which are 
exemplified by fossil remains ?’ presents itself under very diflferent 
conditions from those “under which it passed before the minds of 
Cuvier^ and the Academicians of 1830. If the alternative — 
species by miracle or by law ? — be applied to PalcBotherium, Pa-^ 
loplotheriurn, Anchitherium^ Hipparion, Equus, I accept the latter, 
without misgiving, and recognise such law as continuously ope- 
rative throughout tertiary time. 

In resi^ect to its mode of operation, we may suppose Lamarck 
to say, ‘ as the surface of the earth consolidated, the larger and 
more produced rnid-hoof of the old three-toed Pachyderms took a. 
greater share in sustaining the animal’s weight ; and, more blood 
being required to meet the greater demand of the more active 
middle-toe, it grew; whilst the side-toes, losing their share of 
nourishment and becoming more and more withdrawn from use, 
shrank ; ’ and so on, according to the hardening of the ground, 
until only the hidden rudiments of metapodials remained and one 
hoof became maximised for all the work. Mr. Darwin, I con- 
ceive, would modify this, like other Lamarckian instances, by 
saying that some individuals of Palmotherium happening to be 
born with a larger and longer middle-toe, and with shorter and 
smaller side-toes, such variety was better adapted to prevailing 
altered conditions of the earth’s surface than the parental form ; 
and so on, until finally the extreme equine modifications of foot 
came to be ^naturally selected.’ But the hypotheses of appe- 
tency and volition, as of natural selection, are less applicable, 
less intelligible, in connection with the changes in the structure 
and proportion of the molar series of teeth, which we have 
seen also to be gradational from Palceotheriurn to Equus, fig* 
614. 

Any modification of GeoiFroy’s * ambient medium,’ affecting the 
density of the soil might so far relate to the changes of limb- 
structure, as that a foot with a pair of small hoofs dangling by 
the sides of the large one, like those behind the cloven hoof of 
the ox, would cause the foot of the Hipparion, e.g., and a fortiori 
the broader based three-hoofed foot of the PaIa 3 othcre, to sink 
less deeply into swampy soil, and be more easily withdrawn, than 

> ‘ Pourquoi Ics races actuelles, me dirait-on, ne seraiont-elles pas des modifications 
de ces races ancionnes que Ton trouve parmi les fossiles?’ — cxxxix. i. p. Ivii. 
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the more concentratively simplified and specialised foot of the 

Hofse.' 

Rhinoceroses and Zebras, however, tread together the arid 
plains of Africa in the present day: and the Horse has multiplied 
in that half of America where two or more kinds of Tapir still 
exist. That the continents of the eocene or miocene periods were 
less diversified in respect of swamp and sward, pampas or desert, 
than those of the pliocene period, has no support from observa- 
tion or an ah gy. 

Assuming, then, that Palceotheriiirn did ultimately become 
Equus^ 1 gain no conception of the operation of the effective 
force by personifying as ^ Nature’ the aggregate of beings Avhich 
compose the universe, or the laws which govern these beings, by 
giving to my personification an attribute which can properly be 
predicated only of intelligence, and by saying, ^ Nature has se- 
lected the mid-hoof and rejected the others.’ 

As some paragraphs in my ‘ Preface ’ have been misconceived,^ 
I must further observe, to put my meaning beyond doubt, that, 
to say that Paloiotherium has graduated into Equus by ^ Natural 
Selection ’ is an explanation of the process of the same kind and 
value as that which has been proffered of the mystery of ^ secre- 
tion.’ For example, a particular mass of matter in a living 
animal takes certain elements out of the blood and rejects them 
as ^ bile.’ Attributes were given to the liver which can only be 
predicated of the whole animal: the ^ appetency’ of the liver, it 
w^as said, was for the elements of bile, and ‘ biliosity ’ or the 
‘ hepatic sensation ’ guided the gland to their selection.^ 

Such figurative language, I need not say, explains absolutely 
nothing of the nature of bilification. One’s surprise is that 
‘ tropes ’ and ^ personified acts ’ should not have died out, as ex- 
planatory devices, with the ‘ archeus faber,’ the ‘nisus formativus,’ 
and other self-deceiving, world-beguiling simulacra of science, 
with the last century ; and that a resuscitation should have had 
any success in the present. It is of interest as illustrating the 
* alternation of generations.’ 

What, then, are the facts on which any reasonable or intelli- 
gible conception may be formed of the mode of operation of the 

^ xvii'. p. 397. 

* Referring to my * Anatomy of Vertebrates/ in the fourth edition of the ‘ Origin of 
Species by Natural Selection/ &c., the author asserts that ‘he’ (Professor Owen) ‘at 
the same time admits that Natural Selection may have done something towards this 
end.’ Mr. Darwin does not quote the passage or refer to the page on which he 
founds his assertion. — ccxiii" (1866), Histor. Pref. p. xviii. 

* cccxxviii". vol. i. p. 268, and passim. 
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derivative law exemplified in the series linking on Palmtherium 
to Equus^f A very significant one is the following : — A modern 
horse occasionally comes into the world with the supplementary 
ancestral hoofs. From Valerius Maximus,* who attributes the 
variety to Bucephalus^ downwards, such ^ polydactyle ’ horses 
have been noted as monsters and marvels. In one of the latest 
examples,^ the inner splint-bone, answering to the second me- 
tacarpal of the pentadactyle foot, support^ phalanges and a 
terminal hoof, in position and proportion to the middle hoof, re- 
sembling the corresponding one in Hipparion^ fig. 614, ii. 

In relation to actual horses such specimens figure as ^ monstra 
per exccssum;’^ but, in relation to miocene horses, they would be 
normal, and those of the present day would exemplify ^ monstra per 
defectum.’ The mother of a ‘ monstrous’ tridactyle colt might repeat 
the anomaly and bring forth a tridactyle ‘ filly ’; just as, at San 
Salvador, the parents of a family of six had two of the series born 
with defective brain and of dwarf size : they were ^ male ’ and 
^female and these strange little idiots are exhibited as ‘Aztecs.’ 
The pairing of the horses with the metapodials bearing, accord- 
ing to type, phalanges and hoofs, might restore the race of 
hipparions. 

Now, the fact suggesting such possibility teaches that the 
change would be sudden and considerable : it opposes the idea 
that species are transmuted by minute and slow degrees. It also 
shows that a species might originate independently of the opera- 
tion of any external influence; that change of structure would 
precede that of use and habit ; that appetency, impulse, ambient 
medium, fortuitous fitness of surrounding circumstances, or a 
personified ‘ selecting Nature,’ would have had no share in the 
transmutative act. 

There is, however, one relation which I cannot shut out, 
for I hold it as strongly as when I explained it, and endeavoured 
to impress it upon the audience at my lectures of 1857 : it is the 
fitness of the organisation of the Horse and Ass for the needs of 

' ‘ P^xemplorum memorabiliura Libri noveni, &c. (Do rebus mirificis.) ’ 

* ccciv". p. 66, PI. 1. 

• Two such examples aro described in ui. toI. ii., and one in ccev". p. 224, m which 
the left fore-foot had three subequal hoofs, and the right fore-foot two hoofs. But the 
application of an instructive and rightly discerned relation may be travestied and exag- 
gerated : the two-tailed lizard and the double-headed snake do not reproduce to view 
normal ancestral forms. The essentially single mid-toe (fig. 193, iii) of the horse, oc- 
casionally bifid and terminated by a pair of ill-shapen hoofs, lends no support to the 
idea of the digit (iii) being homologous with the so-called cloven hoof (really the digits 
iii and iv, ib.) of Ruminants. It is a malformation akin to that of the partially 
double digit of the Dorking fowl. 
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mankind, and tke coincidence of tke origin of Ungulates having 
equine modification^ of the perissodactyle structure with the 
period immediately preceding, or coincident with, the earliest 
evidence of the Human Race. 

Of all the quadrupedal servants of Man none have proved of 
more value to him, in peace or war, than the horse: none have 
cooperated with the advanced races more influentially in Man’s 
destined mastery ov^r the earth and its lower denizens. In all 
the modifications of the old palasotherian type to this end, the 
horse has acejuired nobler proportions and higher faculties, more 
strength, more speed, with amenability to bit. No one can enter 
the ‘ saddling ground ’ at Epsom, before the start for the ‘ Derby,’ 
without feeling that the glossy-coated, proudly-stepping creatures 
led out before him are tlie most perfect and beautiful of qua- 
drupeds. As such, I believe the Horse to have been predestined 
and prepared for Man. It may be weakness ; but, if so, it is a 
glorious one, to discern, however dimly, across our finite prison- 
wall, evidence of the ^ Divinity that shapes our ends,’ abuse the 
means as we may. 

Thus, at the acquisition of facts adequate to test the moot 
question of links between past and present species, as at the close 
of that other series of researches proving the ^ skeleton of all 
Vertebrates, and even of Man, to be the harmonised sum of a 
series of essentially similar segments,’ * I have been led to recog- 
nise species as exemplifying the continuous operation of natural 
law, or secondary cause; and that, not only successively but 
progressively ; ‘from the first embodiment of the Vertebrate idea 
under its old Ichthyic vestment until it became arrayed in the 
glorious garb of the Human form.’ ^ 

The series of observations on the Ungulate group of Mammals 
yields insight, as above explained, into the mode of operation of 
the secondary law ; and gives evidence of the amount of geo- 
logical time intervening between the introduction and disap- 
jjcarance of generic or subgeneric modifications. According to 

* cxLi. p. 119. 

* Ib. p, 86. Even in his partial quotation from my work of 1849, the author of 
ccxiii" (4th Ed. 1866) might have seen ground for apologising for his preposterous 
assertion, in 1859: — that ‘Professor Owen maintained, often vehemently, the im- 
mutability of species’ (p. 310), and for the question, as preposterous and unworthy: 

‘ Poos he really believe that at innumerable periods in the earth’s history elemental 
atoms have been commanded suddenly to flash into living tissues?' (Ib. Ed. 1859, 
p. 483. In the Ed. of 1860, p. Ill, the imputation is tacitly abandoned.) The signi- 
ficance of the concluding paragraphs of cxi.i was plain enough to Badkn Powell, 
cccxxxin" p. 401 (1855), and drew down on me the hard epithets with which Theo- 
logy usually assails the inbringer of unwelcome light, cii'. p. 61. 
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the analogy of the mammalian Hipparion and Equus^ we may 
expect the corresponding precedent form of the Papuan of the 
well-wooded and richly fruited islands representing a departed 
tropical or subtropical continent, to be exemplified by fossils in 
formations not earlier than middle tertiary. All species coexisting 
with the actual specific form of Homo will, with him, be immu- 
table, or mutable only as he may be. To name such species, Jifter 
comparing and determining their specific characters, will continue 
to be the Zoologist’s staple task as long as his own specific 
intellectual character remains unchanged (Pref. p. xxxvi.). To 
suppose that coexisting differentiations and specialisations, such 
as Equus and Rhinoceros, or either of these and Tapirus, which 
have diverged to generic distinctions from an antecedent com- 
mon form, to be transrnutable one into another, would be as 
unscientific, not to say absurd, as the idea, which has been bols- 
tered up by so many questionable illustrations, and foisted upon, 
poor ^ working men,’ of their derivation from a Gorilla ! 

§ 425. Extinction, cataclysmal or regulated? — If, in place of 
recognising the series of the above-cited Perissodactyles as evi- 
dencing (preordained) departures from parental type, probably 
sudden and seemingly monstrous, but adapting the progeny in- 
heriting such modifications to higher purposes, the theological 
notion be retained, and the species of Palaeothere, Paloplothere, 
Anchithere, Hipparion, and Horse, be severally deemed due 
to remotely and successively repeated acts of direct creation, one 
is concomitantly led to suppose the successive going out of such 
species to have been as miraculous as their coming in. The 
destruction of one creation is the logical preordinance to a re- 
currence of ^ genesis.’ This nexus of ideas was too close not to 
have swayed with Cuvier : accordingly, in his famous ^ Discours 
sur les Revolutions de la Surface du Globe,’ we have a section 
of ^ Preuves que ces Revolutions ont etc nombreuscs,'^ and 
another section of ^ Preuves que ces Revolutions ont etc subites.’ ^ 
Continued observations of Geologists, while establishing the fact 
of successive changes, have filled up the seeming chasms be- 
tween such supposed ^ revolutions,’ as the discoveries of Palaeonto- 
logists have supplied the links between the species held to have 
perished by the cataclysms. Each successive parcel of geo- 
logical truth has tended to dissipate the belief in the unusually 
sudden and violent nature of the changes recognisable in the 
earth’s surface. In specially directing my attention to this moot 
point, whilst engaged in investigations of fossil remains, and in 
* cccxx". p. 5, * II). p. 8. 
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the reconstruction of the species to which they belonged, I was, at 
length,led to recognise one cause of extinction as being due to defeat 
in the ^ contest which as a living organised whole, the individual of 
each species had to maintain against the surrounding agencies which 
might militate against its existence.’ (Pref. p. xxxiv.) This 
principle has received a large and most instructive accession of 
illustrations from the extensive knowledge and devoted labours 
of Charles Darwin : but he aims to apply it not only to the ex- 
tinction but the origin of species. 

Although I fail to recognise proof of the latter bearing of the 
^ battle of life,’ the concurrence of so much evidence in favour of 
^ extinction by law ’ is, in like measure, corroborative of the truth 
of the ascription of the origin of species to a secondary cause.' 

* A critic of the first volume of the present work, switching ovur the pages of the 
•Preface* with the speed they merited at his hands, caught sight of the words, 
•contest of existence,’ ‘battle of life;’ and thereupon dashed off with — ‘We would 
call attention to the following passage, and ask whether it is not actually an ad- 
mission of the Darwinian Theory!’ (‘London Review,’ April 28, 1866, p. 483); then 
pastes in the slip, beginning with ‘the actual presence,’ to ‘fared better in the battle 
of life.’ With the bulk of the two volumes before him, an able reviewer could 
hardly be expected to waste valuable time upon ‘notes,’ and so the fact escaped 
him that the ‘ admission ’ or ‘ adoption ’ was, in whatever degree it might relate to 
the D. T., an anticipation. 

Oddly enough, another reviewer (if haply the same meritorious labourer may not 
have been doing this sort of work for both periodicals) makes the same transposition 
of dates, mistaking a quotation for text ; e.g. ‘ Not the least important feature in tin? 
work before us is, that it contains a partial concurrence, on the i>art of the author, in 
the theory of Natural Selection' And the same cutting does duty as ‘ pi^cc justifica- 
tive,’ viz., ‘ The actual presence,’ &c. to ‘ battle of life.’ — (‘ Pojmlar Science Review,’ 
April, 1866, p. 212.) 

Having regard to intelligent countrymen and countrywomen taking scientific sus- 
tenance from these weekly and monthly sources, and who might never see the pages 
of the w'ork rcvicw’od, I ventured to call attention to the omitted reference in the 
foot-note of my ‘ Preface,’ viz., to the volume of ‘ Transactions of the Zoological 
Society,’ 1850, in which my theory of the extinction and conservation of species ap- 
peared, including the passage quoted, with the obvious remark, that, ‘ if the difFerenco 
between 1858 (date of the D. T. or “Natural Selection”) and 1866 (date of vol. i. of 
Anat. of Vertebrates) puts the writer of the latter date in the subordinate relation 
of “admitter” or “adopter” — tacit or otherwise — to the author of the same tlioory 
at the earlier date, the writer of 1858 must stand in the same relation to the author 
of the same theory of 1850.’--(Letter to Ed. ct ‘London Review, May Ist, 1866.) 

Of course, to every competent judge, the difference between a theory founded on 
the application of the principle of the contc.st for existence to the preservation or 
extinction of certain species, and that of a theory of the origin of all species partially 
based upon the same principle, must have been obvious; nor was any pretention 
advanced, in the letter rectifying the date of the ‘idea,’ to the ample and instructive 
degree in which it had been worked out, and doubtless as an original thought, by the 
accomplished author of ccxiii' . 

1 deeply regretted, therefore, to see in a ‘Historical Sketch’ of the Progress of 
Enquiry into the origin of species, prefixed to the fourth edition of that work (]866\ 
that Mr. Darwin, after affirming, inaccurately and without evidence, that I ‘admitted 
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§ 426. How works the Derivative haw ? — The guesses made 
by those who have given the rein to the imaginative faculty in 

Natural Selection to have done something toward that end,’ to wit, the ‘ origin of 
species,’ proceeds to remark: ‘It is surprising that this admission should not have 
been made earlier, as Prof. Owen now believes that he promulgated the theory of 
Natural Selection in a passage read before the Zoological Society, in February, 1850 
(Trans, vol. iv. p. 15).’ 

The reason assigned for this assertion is a paragraph in my letter to the ‘ London 
Review,’ May 6, 1866, p. 516, which letter Mr. Darwin represents as an expres- 
sion of my belief ‘ that I promulgated the theory of Natural Selection in a pas- 
sage read before the Zoological Society, in Februaiy, 1850.’ The passage which 
Mr. Darwin quotes is as follows: — “ No naturalist can dissent from the truth of your 
perception of the essential identity of the passage cited with the basis of that (the 
so-called Darwinian) theory, the power, viz. of species to accommodate themselves or 
bow to the influences of surrounding circur^stances.” JMy ground for assuming the 
recognition of ‘the power of species to accommodate themselves or bow to theinflueflee 
of surrounding circumstances ’ to be the basis of the ‘ so-called Darwinian theory,’ 
was, the definition of that theory given by the author in the title-page of the work 
‘ On the Origin of Species by means of Natural Selection.’ For, the words ‘ Natural 
Selection ’ not being likely, of themselves, to suggest the mode of origin of species, the 
author adds the following definition of his meaning : ‘ or, the preservation of favoured 
races in the struggle for life.’ 

Now, although in the perusal of the work so entitled I found many other previously 
propounded grounds of a belief as to the origin of species — as, c.g. ‘volition or endea- 
vour to act in a given M'ay,’ p. 184, ‘ homology,’ p. 434, ‘irrelative repetition,’ p. 149, 
* geological time,’ p. 282, ‘ successive extinction of species,’ p. 312, ‘indications of older 
or earlier species having a more embryonal or generalised structure than their successors,’ 
p. 338, &c., — all of which had seemed to me to be better evidences of a genetic succession 
of species than the one ground set forth in the title-page — yet, being so set forth, it was 
due to tlie author to refer to it as ‘ the basis ’ of his theory. If reference be now made 
to the ‘Zoological Transactions,’ vol.iv. p. 15 (February, 1850), or to ‘Preface’ (vol. i.) 
p. xxxiv., it will be seen that I exemplify the i)rinciplo of the preservation of the favoured 
race, in tlie circumstances of the struggle described, including seasonal extremes, adap- 
tation to kinds of food, generative powers, introduction of enemies, &c., by such cha- 
racters of species as those of size ‘ If a dry season be gradually prolonged, the large 
Mammal will suffer from the drought sooner than the small one ; if such alteration of 
climate affect the quantity of vegetable food, the bulky Ilerbivore will first feel the 
effects of stinted nourishment ; if now enemies are introduced, the large and conspicuous 
quadruped or bird will fall a prey, whilst the smaller species conceal themselves and 
escape. Smaller animals are usually, also, more prolific than larger ones.’ It will be 
admitted, I may believe, that, in view (in 1850) of the question of extinction by 
cataclysm, or by surrounding influences, not more extraordinary, for example, than 
extreme season (heat, cold, rain, drought, as part of the ordinary Laws of Climate), 
the operation of such influences in the preservation of some races and the extirpation 
of others could scarcely be more explicitly propounded. And this principle of victory 
or defeat in the ‘ contest with surrounding agencies ’ is set forth in Mr. Darwin’s title- 
page as the basis of his theory of Natural Selection. Then, when a reviewer, ignorant 
of, or ignoring, the relative dates of promulgation of such basis, quotes mo as adopting 
Mr. Darwin’s theory, and when I point out the transposition of the dzites of that 
theory and of my enunciation of its basis, Mr. Darwin turns upon me and wTites, in 
1866 : ‘ Mr. Owen now believes that he promulgated the theory of Natural Selection,’ 
and adds, ‘ this belief in Prof. Owen that he thus gave to the world the theory of 
Natural Selection will surprise all who are acquainted with the several passages of his 
works,’ &c. (p. xviii.). But all that Mr. Darwin gives in support of this statement 
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attempts to explain the mode of operation of the derivative law 
have mainly proved repellent to its study, and have raised the 
chief obstacles to its acceptance, by affording the most favourable 
opportunities of telling argument and caustic criticism to oppo- 
nents of any recognition of such law in the abstract. Thus, 
De Maillet’s conception of the conditions of transmutation* in- 
vited Cuvier’s crushing exposition of its absurdity, which fell with 
the full weight of his great anatomical knowledge.^ . Lamarck 

and comment, and I am very sure he quoted every word he could find to justify them, 
goes no further than to show that I had anticipated him in the basis of his theory, 
and in no way or degree supports his assumption that I accepted or had affirmed that I 
had promulgated (in 1850), the extraordinary superstructure which he has raised upon 
that basis, under the term ‘ Natural Selection.’ In so asserting I should have merely 
deceived myself: no Naturalist cognisant of the history of the progress of the know- 
ledge of the origin of species could be deceived for a moment by so gross an absurdity 
as would have been the statement of the belief, wliich statement Mr. Darwin 
endeavours to fasten upon me, of ‘ having promulgated the theory of “ Natural 
Selection,” ’ or any other theory of the origin of species. It would have been a case 
of self-deception akin to that by which Mr. Darwin, having attempted and, as it 
seems to me, failed, to explain the origin of species on my basis of the * struggle 
for life,’ assumes to himself, or allows others to attribute to him the only reason- 
able and probable grounds for belief in the origin of species through a pre- 
ordained continuously operating secondary law or cause. And hero I take leave 
to remark, that certain facts having been pointed out, with their mode of operating 
in the origin of species, and the probabilities weighed for and against the mira- 
culous origin of ‘some one form into which life was first breathed’ as contrasted 
with ‘ the normal origin of divers forms of sarcodal, single-celled, life ’ as hypothe- 
tical beginners of subsequent and higher forms, it is not honest to confound such 
‘derivative hypothesis of the origin of species’ with the hypothesis of ‘Natural 
Selection.’ 

* ‘ Car il peut arriver, comme nous s 9 avons qu’en effet il arrive assez souvent, que les 
poissons ailes et volans chassant ou 6tant chasses dans la mer, emport6s du d6sir de 
la proie ou do la crainte de la mort, ou bien pouss^s peut-5tre a quelques pas du 
rivage par les vagues qu’excitait uno tompeto, soient tomb6s dans dos roseaux ou dans 
des herbages, d’oh ensuito il ne lour fut pas possible de roprendre vers la mer, I’essort 
qui les en avait tires, et qu’en cet etat ils ayent con tracts une plus grande faculty de 
voler. Alors leurs nageoircs n’etant plus baign^es des eaux de la mer, se fendirent 
et se d^jett^rent par la s6cheresse. Taridis qii’ils trouverent dans les roseaux et les 
herbages dans lesquels ils 4tiiient tomb^s, quelques alimens pour se soutenir, les 
tuyaux de leurs nageoires s4par6s les uns des autres se prolongferent et se rev5tirent 
de barbfcj ; ou, pour parler plus juste, les membranes qui auparavant les avaient 
tenus colUs les uns aux autres, se m^tamorphoserent. La barbe form^e de ces 
pellicules d^jetlecs s’allongea elle-m^rae; la peau do ces animaux se rev6tit insen sible- 
ment d’un duvet de la meme couleur dont elle 4tait pointe et ce duvet grandit. Les 
petits ailerons qu’ils avaient sous le ventre et qui, comme leurs nageoires, leur avaient 
aid4 k se promener dans la mer, devinrent des pieds, et leur servirent a marcher sur 
la terre. Il se fit encore d’ autres petits changemens dans leur figure. Le bee et le 
col des uns s’allongferent ; ceux des autres se racourcirent : il en fut de m5me du reste 
du corps. Cependant la ‘conformity do la premiere figure subsiste dans le total ; et 
elle est et sera toujours aisye a reconnaitre.’ Telliamed, t. ii. p. 166 (1755). 

* * Des naturalistes, plus matyriels dans leur idoes, sont denieurys humbles sectateurs 
de Maillet. Voyaut que le plus ou moins d’usage d’un membre en augmente ou en 
diminue quelquefois la force et le volume, ils se sont imaginy que des habitudes ou 
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gave occasion to many similar confutations, applied not always in 
good faith, and often by men without any anatomical or physio- 
logical qualifications for such criticism, to discredit veritable evi- 
dences of the operation of a secondary creative law. Subjoined, 
for example, is his hypothesis of the origin of the human species,* 
which, with similar illustrations from the web-footed, hoofed, and 
long-necked ruminant mammalia, have aflForded topics of easy ridi- 
cule. So Lyell, asserting that ‘ orangs had been tamed by the 
savages of Borneo, and made to climb lofty trees and bring down 
the fruit,’ ® proceeds : — ^ It is for the Lamarckians to explain how 
it happens that these same savages of Borneo have not themselves 
acquired, by dint of longing, for many generations, for the power 
of climbing trees, the elongated arms of the orang, or even thQ 
prehensile tails of some American monkeys. Instead of being re- 
duced to the necessity of subjugating stubborn and untractable 
brutes, we should naturally have anticipated that their wants 
would have excited them to efforts, and that continued efforts 
would have given rise to new organs : ” or, rather, to the reacqui- 
sition of organs, which in a manner irreconcilcable with the prin- 
ciple of the progressive ” system, have grown obsolete in tribes 
of men which have such constant need of them.’ ^ 


des influences exterieures, longtemps continin^s, ont pu changer par degr^s les fomies 
dos animaiix au point de les faire arriver successivement a toutes celles que niontrcnt 
maintenant leiirs diflferentes osp^cos. On y consid^rc en qiielquc sorte les corps 
organises comme iiiie simple masse de pdte on d’argilo qui se laisserait mouler entre 
les doigts. Aussi du moment oi\ ces auteurs ont voulu entrer dans le detail, ils sont 
tomb6s dans le ridicule, Quiconque oso avancer s^rieusement qu’un poisson, a force 
do sc tonir au sec, poiirrait voir ses ecailles se fendillcr et se changer en plumes, et 
devenir lui-meme un oiseaii ; ou qu’un quadrup^de, a force de p6n6trer dans drs voies 
6troitos, do se passer a la fili^re, pourrait se changer en un serpent, ne fait autre chose 
que prouver la plus profonde ignorance de I’anatomie. Quel rapport y a-t-il entre 
Torganisation conipliquce et adfnirablo do la plume, ses tuniques, ses vaisseaux, ses 
cupulos transitoires sur lesquelles se moulent ses barbes, et dont il reste une partie 
dans son tuyeau, ses barbiiles de plusieurs ordres, toujours si bien adapt4es a la 
nature do roiseau ; quel rapport, dis-je, y a-t-il entre tout cela et une ^caillc qui se fep- 
dillerait? il y a mieux, c’estquer^caillo n’est pas memo d’une texture qui lui permettre 
do se fondre ainsi en sc dess^chant ; et voila cependant un 4chantillon de ce que nous 
proposont des auteurs vant^s ! ’--xii. i. p. 100. 

* ‘ Effeetivement, si une race queleonquede qvadntmanes, surtout la plus porfectionn^e 
d’ entre riles, perdoit, par la n6ccssit6 des circonstances ou par quelqu’autre cause, 
riiabitude de grimpor sur les arbres et d’en empoigner les brandies avee les pieds, 
comme avec les mains, pour s’y accrocher ; et si les individus do cetto race, pendant 
une suite de generations, etoient forces do ne servir de leurs pieds que pour marcher, 
et cessoient d’employer leurs mains corames des pieds ; il n’est douteux, d’apres les 
observ’^ations exposees dans le chapitre precedant, que les quadnimanes ne fussent a Ja 
fln transformes en bimemes, et que les ponces de leurs pieds ne cessassent d’etre 
ecartes des doigts, ces pieds ne lour servant plus qii’A marcher.’ — ccxcviii". i. p. 349, 

» ccc". Ed. 1835, vol. ii. p. 463. » Ib. p. 464. 

VOL. III. 3 F 
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An anatomist and physiologist competent to judge of the 
stable grounds of a derivative origin of species — unity of plan, 
geological epochs, successive species therein, — truly set forth by 
the great and philosophic naturalist, would have referred to him, 
bearing calmly and nobly an old age of blindness and poverty, in 
a more worthy spirit. From one destitute of qualifications for 
grappling with the difficulties of this profound genetic problem 
in physiology, silence would have been blameless. Vituperative 
condemnation by such a one of a given phase or an untenable 
ground of that problem is of no greater value than his extravagant 
commendation, with as little capacity for comprehending its weak- 
ness, of a subsequent attenqit towards its solution. 

Some of Lamarck’s characteristic and assailable illustrations 
have indeed been adopted and further developed: — ^ Ceux des 
mammiferes aquatiques qui contracterent Thabitude de ne jamais 
sortir des caux, et seulement de venir respirer d leur surface, 
donnerent probablement lieu aux differens Cetacees. En eflPet, 
depuis I’enorme quantite de temps que ces animaux vivent dans 
le sein des niers, ne se servant jamais de leurs pieds posterieurs 
pour saisir les objets, ces pieds non employes ont tout-a-fait 
disparu, ainsi quo leui’s os, et meme le bassin qui leur servoit 
de soutien et d’attache.’ ^ As a fact, however, so much of the 
pelvis has been preserved in Cetacea as serves to give origin to 
certain muscles of the genitals ; and, in the mysticete whale, even 
a rudiment of the attached limb remains (vol. ii. fig. 159, ea-ce). 
But besides the influence of habitual sojourn in water, Mr. Darwin 
adds another consideration to account for the enormous head in 
Cetacea : — ^ In North America the black-bear was seen by Hearne 
swimming for hours with widely open mouth, thus catching, almost 
like a whale, insects in the water.^ I see no difficulty in a 
race of bears being rendered by Natural Selection, more and 
more aquatic in their structure and habits, with larger and larger 
mouths, till a creature was produced as monstrous as a whale.’ ® 
The idea which Mr. Darwin persuades himself that he originated 
in addition to Lamarck’s ^ influence des circonstances sur les ac- 
tions et les habitudes des animaux et de celle des actions et 
des habitudes de ces corps vivans, comme causes qui modi- 
fient leur organisation et leurs parties ’ is most intelligibly 
illustrated in the Paper in which he first communicated his views 
to the Linnjean Society. It is by ^an imaginary example from 
changes in progress on an island ’ : — ^ Let the organisation of a 

* ccxcvni". ii. p. 461. * ccxiii". p. 184, Ed. 1. 

* This conclusion of tho passage is omitted in later editions. 
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canine animal which preyed chiefly on rabbits, but sometimes on 
hares, become slightly plastic : let these same changes cause the 
number of rabbits very slowly to decrease, and the number of 
hares to increase : the effect of this would be that the fox or dog 
would be driven to try to catch more hares; liis organisation, 
however, being slightly plastic, those individuals with the lightest 
forms, longest limbs, and best eyesight, let the differences be ever 
so small, would be slightly favoured, and would tend to live 
longer, and to survive during that time of the year when food was 
scarcest ; they would also rear more young, which would tend to 
inherit those slight peculiarities. The less fleet ones would be 
rigidly destroyed. I can sec no more reason to doubt that these 
causes in a thousand generations would produce a marked effect, 
and adapt the form of the fox or dog to the catching of hares 
instead of rabbits, than that greyhounds can be impi’oved by se- 
lection and careful breeding.^ ^ So Geoffroy Saint-Hilaire also 
wrote : — ^ Si ces modifications amenent des effets nuisibles, les 
animaux qui les eprouvent cessent d’exister, pour etre rcmplaces 
par d’autres, avec des formes un pen changees, et changees k la 
convenance des nouvelles circonstances.’ ® 

The modifications on which Geoffroy Saint-Hilaire laid chief 
stress were those assumed to have affected the ambient medium, 
the mode of operation of which in the origin of species he thus 
exemplifies ; — ‘ Mon Memoire, traitant de I’influence des milieux 
ambians pour modifier les formes animales, montre comment la 
qiiantite decroissante de I’oxygcne, relativement aux autres com- 
posans de I’atmosph^re, a pu forcer les surfaces cutanecs des 
embryons, premier et principal siege des actes respiratoires, it 
s’ouvrir davantage, a gagner, dans une raison inverse du volume 
existant de I’oxygene, plus de pi’ofondeur, au moyen de plus larges 
anfractuosites dans Ic tissu cellulaire, et a acquerir, par un ac- 
croissement dans I’intensite des effets, de plus en plus, le carac- 
t^re d’ampoules et decidement de trachees, jusqu’^ ce qu’enfin 
survienne dans le thorax une concentration des sinus respiratoires, 
et des arrangements de structure pour I’isolcment des poches ou 
theatres de respiration, appeles, suivant leurs qualites conditioii- 
nelles, poumons ou branchies ,^ — CCXCVii". p. 82. 

One should not be dealing fairly with this exposition of trans- 
mu tative conditions if we were, to take its terms in their literal or 
usual acceptation ; else, the obvious objection that embryos arc 
shut out from the influence of the atmosphere until their lungs 

* ccci. p. 49. But see the remarks on this in clxxx. p. 434, and cii', p. 65. 

* ccxcix". p. 79. 
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are prepared for it, at once suggests itself. I assume, therefore, 
that the term is used, metaphorically, to signify the low and early 
embryo-like forms of living things. But it may then be remarked 
that if speculation be permitted on possible changes in the con- 
stitution of the atmosphere of this planet, during past geological 
icons, it is more probable that the proportion of the carbonic acid 
has been reduced than that of the oxygen. Th.e prevalence of 
remains of cold-blooded slow-breathers in palaeozoic and older 
mczozoic strata has more than once suggested such relation to tlie 
^ ambient medium,’ I repeat, however, that the sole consequence 
of vague generalities, or figurative impersonations, propounded to 
show how transmutation may go on, has been to prejudice calm 
and sound judgments against any acceptance of, or favour toward, 
the grounds of a belief in secondary creational law. I have else- 
where tested the ideas of Lamarck and Darwin as to the mode 
of transmutation, by reference to the species Chiromys Madagas- 
cariensis : ^ I will now apply them, together with Geoffrey’s, to 
another and lower degree of life. 

What spectacle can be more beautiful, striking, and suggestive 
than that of the inhabitants of the calm expanse of water of an 
atoll, encircled by its vast ring of coral rock ! Leaving the 
bright-tinted Choetodonts, the Scari with adamantine jaws, the 
Holothurians and other locomotive frequenters of the calcareous 
basin out of the question, and restricting the test to the species 
cemented or otherwise confined to its area: wc may first ask: — 

Were the elements of the coriaceous and of the softer contrac- 
tile and secreting tissues of the coral-polype suddenly combined 
and disposed so as to form the body-wall, inverted gastric-bag, 
produced tentacles, intermediate laminae, generative jdaits, vesi- 
cles and threads, with outer folds in ari-angcment and numbers 
such as to secrete the laminate calcareous polype-cell ? Was the 
creature, so miraculously constituted, at the same time endowed 
with generative faculties to multiply and reproduce its kind for 
all time f the creative act henceforth and thereafter being dis- 
j^ensed with ? Accepting, with the theologian, this vieAV, it must 
then be applied to each of the more or less closely allied species 
associated in the same coral workhouse. The origin of such 
species thus dates back to the beginning of life on the globe.^ 
The first created coral-polype included, potentially, the germs of 
its successors throughout all time. 

* cii". pp. 64-66. 

* I leave out of the question the suhsoquent lethal influence of the heavy and con- 
tinuous rjiin added to the ocean in order to raise it above the highest mountains, 
according to the biblical flood. 



GENERAL CONCLUSIONS. 


805 


Observation, however, shows that the species of existing An- 
thozoa cannot be traced very far back: those with a flexible, or 
with a branched, calcareous axis began only at the tertiary period ; 
and, of the genera of eocene lamellate or stony corals, all the 
species are extinct, and have been superseded in their grand and 
useful operations by those now forming reefs and atolls. As we 
extend our researches back in time we find generic and family 
types of coral-polypes passing away: the prevalent pattern ol 
stellate cups of rays of six or its multiples, has superseded a 
simpler pattern of four or its multiples. Of the CjjatlLopltijllidat^ 
of the palaeozoic reefs which present a quadripartite character of 
their plaited polype-ceJls, not one such species now exists, or has 
been observed in any formation later than lower green-sand. More- 
over, the filling uj^ of abandoned cells in the course of growth of 
the polypary becomes changed from a more complex to a more 
simple method, as we recede in time In pursuing our com- 
parisons.* 

AVith this generalised result of obseiwation of reef-building 
polypes we return to the initial question in a frame of mind inevi- 
tably other than that in which the creation of a coral-ifeland is 
pondered on by one ignorant of the geological history of the class 
engaged in its construction. AVas direct creation, after the dying 
out of its result as a ^ rugose coral,’ repeated to constitute the suc- 
ceeding and superseding ‘ tabulate coral ’? Must we, also, invoke 
the miraculous power to initiate every distinct species of both 
Rugosa and Tahulata ? These grand old groups have had their 
day and are utterly gone. AVhen we endeavour to conceive or 
realise such mode of origin, not of them only, but of their manifold 
successors, the miracle, by the very multiplication of its mani- 
festations, becomes incredible — inconsistent with any worthy con- 
ception of an all-seeing, all-provident Omnipotence ! It is not 
above, but against, reason ; and I may "assume the special primary 
creative hypothesis of the successive and coexisting species of 
Anthozoa to be not now held by the scientific naturalist. 

Let us then test the propounded explanations of their origin 
by secondary law. That of ^ appetency ’ subsides from the impo- 
tency of a coral-jiolype to exercise volition. The weak point of 
Lamarck’s creative machinery is its limited applicability, viz., 
to creatures high enough in the scale to be able to ^ want to do 
something : ’ for thp determined laws of the ^ reflex function ’ in 
the physiology of the nervous system and the necessity of the 


CLXXX. pp. 23-28. 
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superadded cerebral mass for true sensation rigorously fix the 
limits of volitional faculties. 

^ We pass then to considerations of the ^ ambient medium ’ and 
^natural selection.’ We have no evidence that the fabricators of 
the coral-reef of Wenlock-edge, or of those skirting the Cambrian 
slates and Devonshire ^ killas^’ or of those in the lofty limestone 
cliffs of Cheddar, worked in an ocean otherwise constituted than 
the present What conceivable character of sea or of the air 
dissolved or diffused therein could have changed the loose aggre- 
gation of the individuals of composite Rugosa into the close com- 
bination, with intercommunicating pores, of those of the composite 
Tabulata ? Or what possible external influence could have 
transmuted the comparatively simple massive mode of growth or 
deposition of carbonate of lime common to both Rugosa and Tahu- 
lata into the light and complex character of the polyparics of most 
existing lamelliferous Anthozoa ? In the first mode the old polype- 
cell is successively partitioned off from the one in occupation by 
floor after floor crossing the cavity : in the other, radiating ver- 
tical partitions alone occupy the deserted cell and extend uninter- 
ruptedly from its bottom or beginning to the superficial inhabited 
chamber. The quadripartite pattern of the plaited cup of the 
palaeozoic coral has changed into the sexpartite disposition of the 
radiating lamelke of the polype-cells of tertiary and modern corals. 
But personifying the fact of such transmutations by the term 
^ natural selection ’ gives no more insight into the manner of the 
operations than we learn of that of the budding out of a new leg 
in a maimed newt, by being told that it is done by the ‘ nisus 
formativus ’ or by ^ pangenesis ’ ! Even were there evidence of 
changes in the composition of the atmosphere, their ^ modus ope- 
randi ’ in effecting such structural differences would not be more 
conceivable. 

I do not believe that a sexpartite type of coral was miracu- 
lously ejeated to supersede a quadripartite one. If the grounds 
arc good for admitting the continuous operation of a secondary 
cause of the specific forms of Vertebrate life, a fortiori it is ad- 
missible in the lower sphere of Radiate life. It is consistent with 
facts that a quadripartite coral might bud out, or otherwise 
generate, a variety with a greater number of radiating laminae. 
Some varieties, like those expressed by the modern generic terms 
Porites^ Millepora^ especially the M. complanata^ with its strong 
vertical plates, were better adapted to bear the brunt of the 
breakers, and flourish in the surf, under the protection of the 
coating Nullipore. But to how small an exception is this rela- 
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tion applicable! Of the 120 kinds of coral enumerated by 
Ehrenberg in the Red Sea, ^ 100, at least, exist under the same 
conditions. The majority of species, originating in uncallcd-foi*, 
unstimulated, unselected departures from parental structure; 
establish themselves and flourish independently of external in- 
fluences. All classes of animals exemplify this independence : 
the Cetaceans, under an extraordinary and nicely graduated range 
of generic and specific modifications ; and the same may be said 
of most Fishes.^ 

So, being unable to accept the volitional hypothesis, or that 
of impulse from within, or the selective force exerted by out- 
ward circumstances, I deem an innate tendency to deviate from 
parental type, operating through periods of adequate duration, to 
be the most probable nature, or way of operation, of the second- 
ary law, whereby species have been derived one from the other. 

It operates, and has operated, in the surface-zones where the 
chambered cephalopods floated, and at the depths where the bra- 
cliio{)ods were anchored, as in the more defined theatre in which 
tlie various polypes of the coral reef display their diversities of 
colour, size, shape, and structure, independently of outward in- 
fluences. This tendency, moreover, is not exemplified in the 
ratio of tlie number, variety, or force of conceivable ^ selective ’ 
surrounding influences, but is directly as the simj>licity of the 
organism. In the Foraminifera^ e. g., it is manifested in such 
degree that as many as fifteen genera defined by one given to — 

Intrigue with tlie specious chaos, and dispart 
Its most ambiguous atoms with sure art ; 

Define their pettish limits, and estrange 
Their points of contact and swift count crehange, 

have been found by his followers to be but varieties of a single 
type ; and even this, too inconstant to come under the definition 
of a species given in p. 792. The departure from parental form, 
producing the beautiful varieties oi perforate and imperforate 
Rhizopods, and which exemplify each group, respectively, under 
the Lagenine, Nummuliniiie, Globigcrine,or under the Gromiine, 
Milioline, and LituoHne types, has effected its ends independently 
of inner volitions or of outer selections. Certain encrusting forms 
seem by the presence of siliceous spicula to have been derived 
from sponges ; but no explanation presents itself for such transi- 
tional changes, save the fact of anomalous, monstrous births — as 
these varieties, and the whole assemblage of alternate-generative 
phenomena, would be called ‘ in high life’ 

* cccxix". p. 46. * xcix'. p. 44. 
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According to my derivative hypothesis, a change takes place 
first in the structure of the animal, and this, when sufficiently 
advanced, may lead to modifications of habits. But we have 
no evidence that the observed amount of change in Porifern, 
Foramhiifera, and Anthozoa, &c. has been attended with any 
change in the way or power in which they extract from their 
ambient medium, and precipitate, silex and carbonate of lime, or 
in the performance of any other vital function. As species rise 
in the scale, the concomitant change of structure can and does 
lead to change of habits. But species owe as little to the 
accidental concurrence of environing circumstances as Kosmos de- 
pends on a fortuitous concourse of atoms. A purposive route 
of development and change, of correlation and interdependence, 
manifesting intelligent Will, is as determinable in the succession 
of races as in the development and organisation of the individual. 
Generations do not vary accidentally, in any and every direction ; 
but in preordained, definite, and correlated courses. 

If the survey of a series of siliceous polycystins and diatoms, 
of zoophytes, of brachiopods, of ammonites, excites pleasure by 
their beauty, and raises worship of the Power manifesting itself 
in such inconceivable and exhaustless variety, I accept the relation 
as one designed, and in His due time, fulfilled; — 

To doubt the fairness were to want an eye ; 

« To doubt the goodness were to want a heart ! 

^ Derivation ’ holds that every species changes, in time, by vir- 
tue of inherent tendencies thereto. ^ Natural Selection ’ holds 
that no such change can take place without the influence of 
altered external circumstances educing or selecting such change. 

^ Derivation ’ sees among the effects of the innate tendency to 
change, irrespective of altered surrounding circumstances, a mani- 
festation of creative power in the variety and beauty of the 
results : and, in the ultimate forthcoming. of a being susceptible of 
appreciating such beauty, evidence of the preordaining of such 
relation of power to the appreciation. ^Natural Selection ’ ac- 
knowledges that if ornament or beauty, in itself, should be a pur- 
pose in creation, it would be absolutely fatal to it as a hypothesis. 

* Natural Selection ’ sees grandeur in the view of life, with its 
several powers, having been originally breathed by the Creator 
into a few forms or into one : ” ^ ^ Derivation ’ sees, therein, a 

narrow invocation of a special miracle and an unworthy limitation 
of creative power, the grandeur of which is manifested daily. 


* ccxiii". Ed. 1860, p. 490. 
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hourly, in calling into life many forms, by conversion of physical 
and chemical into vital modes of force, under as many diver- 
sified conditions of the requisite elements to be so combined. 

^ Natural Selection ’ leaves the subsequent origin and succession 
of species to the fortuitous concurrence of outward conditions: 
^ Derivation ’ recognises a purpose in the defined and preordained 
course, due to innate capacity or power of change, by which 
nomogenously-created protozoa have risen to the higher forms of 
plants and animals. 

The hypothesis of ^ derivation ’ rests upon conclusions from 
four great series of inductively established facts, together with a 
probable result of facts of a fifth class : the hypothesis of ‘ natural 
selection’ totters on the extension of a conjectural condition, 
explanatory of extinction to the origination of species, inajipli- 
cable in that extension to the majority of organisms, and not 
known or observed to apply to the origin of any species. 

§ 427. JEpif/enesis or Evolution ? — The derivative origin of 
species, th^, being, at present, the most admissible one, and the 
retrospective survey of such sptjcics showing convergence, as time 
recedes, to more simplified or generalised organisations, analogous 
to Von Baer’s law of individual development, the result to which 
the suggested train of thought inevitably leads is very analogous 
in each instance. If to Kosmos or the mundane system has been 
allotted powers equivalent to the development of the several 
grades of life, may not the demonstrated series of conversions of 
force have also included that into the vital form ? 

In the last century, physiologists were divided as to the prin- 
ciple guiding the work of organic development. 

The ^ evolutionists ’ contended that the new being pre-existed 
in a complete state of formation needing only to be vivified by 
impregnation in order to commence the series of expansions, or 
disencasings, culminating in the independent individual. 

The ^ epigenesists ’ held that both the germ and its subse- 
quent organs were built up of juxtaposed molecules according 
to the operation of a developmental force, or ‘ nisus forma- 
tivus.’ 

Haller maintained the principle of ^ evolution,’ BuflTon that of 
^ epigenesis.’ Hunter, who surpassed all his contemporaries in 
observations on the formation of the chick, ‘ thought he could 
see both principles at w^ork, together with a third.’ However, as 
he limited the ‘ pre-existing entities ’ to ‘ the materia vitae uni- 
versalis ’ and the ^ absorbent faculty,’ he would now be classed 
with the * epigenesists.’ For, he reckoned among the parts newly 
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built up, not evolved, ^ the brain and heart, with their apj)end- 
ages, the nerves and vessels, and so on of all the other ])arts of 
the body which we do not find at first.’ ‘ His third principle is 
merely a modification of epigenesis, viz., ^change in form and 
action of pre-existing parts.’ 

At the present day the question may seem hardly worth the 
paper on which it is referred to.* Nevertheless, * pre-existence 
of germs ’ and ^ evolution ’ are logically inseparable from the idea 
of the origin of species by primary miraculously created indi- 
viduals. Cuvier, therefore, maintained both, as firmly as did 
Haller,^ It is, perhaps, one of the most remarkable instances 
of the degree in which a favourite theory may render us blind 
to facts which are opposed to our prepossessions. Hunter’s 
demonstrations of the epigenetic development of the blastoderm 
and initial parts of the chick ^ were not known to Cuvier; but 
the analogous ones of WollP he had studied. To the phenomena 
of the blood-lakes and their union in order to constitute the 
‘ cireuliis vaseulosiis ’ of the vitellicle, Cuvier oppo.scs the follow- 
ing remark : — ‘ Mais il faiit nccessairement adinettre qu’il y avait 
utie pre existence de quelques chemins i)our Ics ])ointes rouges ; 
car en vertu de quelle force la figure veineuse serait-clle toujours 
composee des memos vaisseaux ayant la meinc direction ? Com- 
ment ces vaisseaux aboutlraient-ils toujours au mcme point pour 
former un coeur? Tous ces phenomenes ne sont intelligiblcs 
qu’autant qu’on admet quelque pre-existence.’ ^ 

Haller, who had made some good observations on embryonal 
development, confessed that there was a stage in that of the chick 
in which the ‘intestinal canal was not visible he would not ad- 
mit, ho>vcver, that it was not formed, or that it did not pre-exist ; 
but affirmed that it was too minute to be perceived : not until the 
head and limb-buds of the chick appeared, was the intestine 
visibly ‘ evolved.’ ^ 

* XX. vol. V. p. xiv. 

* The encasement or imboxing (‘ emboitement’) of germs was deemed, a tfentiiry 
or more ago, to receive support from the evolution of buds and other parts of plants, 
and from Swammerdam’s discoveries in the chrysalis, not only of the parts which 
afterwards form the butterfly, as wings, antennm, &c., but also of the eggs which 
were to be laid in tliat phase of life. Bonnet drew an inference in favour of the 
same view from his discovery of the numerous suc<;essive generations of Apkidrs, which 
might be impregnated by a single copulation. (See, however, cxlii'. pp. 27, 39.) 

* xxviii". '* XX. vol. V. Pis. Ixviii.-lxxviii. * cccvi". 

® cccvii". tom. iv. p. 236. 

’ “ Partes animalis non noviter formantur, sed transeunt ex statu obscuro in con- 
spicuum.” — xxviii". tom. viii. sectio 2dii. p. 150-156. Also ‘M^moirc II., sur la 
formation du Poulet,’ p. 182, 
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To the beautiful demonstration of the steps in the successive 
building up and moulding of the intestinal canal, out of the 
^mucous layer’ of the blastoderm, Cuvier objects: — ^ Mais 
quand il serait vrai que I’intestin se forme comme Wolff croyait 
I’avoir observtS, il n’en r4sulterait aucune preuve en faveur de 
I’epigen^se ; car le nombril, par lequel I’embryon tient k son pla- 
centa, est d’abord tout aussi large que Tanimal lui-meme ; c’est 
en enveloppant la portion du jaune qui doit rester dans I’inte- 
rieur, que la peau finit par r^trecir de plus en plus cette ou- 
verture, qui prirnitivement n’en ^tait pas une, et par la reduire a 
I’ombilic tel qu’on le voit dans le poulet ou dans I’enfant naissant.’ ^ 
Gcoffroy contended that the dogma of ^ pre-existence of germs ’ 
owed its origin to a metaphysical explanation of ill-observed phe- 
nomena. To admit that a germ included within itself all the 
forms, in miniature, which were afterwards to be manifested, and 
to develope such theory by a matter so indefinable, was to mul- 
tiply, at will, the most gratuitous suppositions.^ His opponent’s 
passages, above quoted, in defence of a doctrine now deemed by 
embryologists to be dead and buried, have hardly other than his- 
torical interest ; ^ and I should not have recalled them, or their 

‘ cccvii''. tom. iv. p. 277. ^ Aiiat. Philos, vol. ii. p. 280. 

^ A polemical bishop, viewing witli the mixed feelings of his kind ♦ !ie dawn of new 
light, which, in 1609, began to flood men’s minds from the ‘ Essay on the Human 
Uiidcrsbinding,’ commenced his attack by insinuating ‘ unsoundness’ in the author; 
then called upon Locke ‘to clear himself by declai’ing to tlie world, that ho„owncd 
the do<*trine of tlio Trinity, as it hath been received in the Christian Church.’ (Up. 
of Worcester’s ‘Answer to Locke’s Second Letter,’ p. 4.) Finally, he charged him 
with diffusing principles inconsistent with, and sapping the grounds of, belief in the 
following articles of the Christian faith: ‘the Resurrection of the Body,’ the ‘Trinity,’ 
and the ‘ Incarnation of Our Saviour,’ It is in reference to the first article that the 
antagonism of ‘evolution’ and ‘epigenesis’ curiously comes in. Stillingflect, con- 
tending for the dogma of the ‘ same body,’ against the objection of the transitory state 
of its particles during life, affirmed that ‘every seed had that body in little which is 
afterwards so much enlarged,’ and in proof that ‘ it hath its propiT organical parts, 
which makes it the same body with that which it grows up to, (lb. p. 40), refers to 
‘ certain most accurate observations whereby these .seminal parts are discerned in 
thorn, which afterwards grow' up to that hotly which we call corn.’ 

To l^hich Locke replied: “ If that could be so, and that the plant in its full growth 
at harvest, incrensed by a tliousand or a million of times as much new matter added 
to it as it had, when it lay, in little, concealed in the grain that was sown, was the 
very same body; yet to say that every minute grain of the hundred grains contained 
in that little organised seminal plant is every one of them the very same with that grain 
which contains that whole little seminal plant, and all those invisible grains in it, is 
to say that one grain is the same with an hundred, and one Inmdred distinct grains 
the same with one; which I shall be able to assent to, when I can conceive that all 
the wheat in the world is but one grain.” (‘Second Reply to the Bp. of Worcester,* 
in cccxxxvi". vol. i. p. 6o8.) 

The chief point of interest, here, is to note how the latest movement in Science is 
pressed into questions of theological dogma. The newly established * niilo.sophieal 
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subject, were it that ghosts of ‘ pre-existence ’ and ^ evolution ’ 
still haunt some chambers of the physiological mansion, and even 
exercise, to many, perhaps, an unsuspected, sway over certain 
biological problems. 

Although in the Debates of 1830, the question of " Pre- 
existence of Germs,’ was the sole one in which, as applied to 
Embryogeny, I held with Geoffroy Saint- Hilaire, I remained 
the thrall of that dogma in regard to the origin of single-celled 
organisms, whether in or out of body.^ Every result of formifac- 
tion I believed, with most physiologists, to be the genetic outcome 
of a pre-existing ‘ cell.’ The first was due to miraculous inter]) 0 - 
sition and suspension of ordinary laws; it contained, potentially, 
all future possible cells. Cell-development exemplified evolution 
of pre-existing germs, the progeny of the primary cell. They 
propagated themselves by self-division, or by ® proliferation ’ of 
minute granules or atoms, which, when properly nourished, again 
multiplied by self-division, and greAv to the likeness of the parent- 
cells. 

Those who still hold by this rag of ^ pre-existence of germs,’ 
call all organic corpuscles or granules ^ cell-gemmules,’ and main- 
tain that they are transmitted, sometimes becoming developed. 


Transactions ’ were, then, giving to the world tho results of the improved Duteli mag- 
nifying glasses, some of which results — e.g. * spermatozoa ’ — were interpreied in a 
way which seemed to help the Bishop’s view of the resurrection and his interprctalion 
of tho texts, 1 Cor. xv. 37-40. I quote Locke’s remark for its historical interest in 
Microscopic Anatomy : — ‘ It does not appear, by any thing I can find in this text, that 
St. Paul here compared the body produced, with the seminal and organical jjarts con- 
tained in the grain it sprung from, but with the whole sensible grain that was sown. 
Microscopes had not then discovered the little embryo plant in the seed ; and sup- 
posing it should have been revealed to St. Paul (tliougli in the Scripture we find littJo 
revelation of natural philosophy), yet an argument taken from a thing jierfcctly un- 
known to the Corinthians, wliom ho writ to, could be of no manner of use to them, 
nor serve at all eitlier to instruct or convince them. But granting that those St. Paul 
wi'it to knew as well as Mr. Lewenhocke ; yet your Lortlship thereby proves not the 
raising of the same body/ &c. 


tact Locke, having been driven by the Bi.shop to look info tho Si-ripturnl gWllluJs 
of that article of a progressively devfdoped theological summary or • creed,* wifich he 
was charged by Still mgftcet with undermining, rnplicil ; ‘1 must not part with this 
article of the resurrection, without returning my thanlcs to your l^inlKlIip f„r making 
me take notice of a fault in my “ Essay.” When I writ that book, 1 took it for graiitcff 
as I doubt not hut many others have done, that tho Scripture had mentioned in ox-’ 
^ss terms, “ the resurecction of the body;” but upon the occa.sion your Lonlsl.i,, 
has given me m your last letter to look a little more narrowly into what revclatio i 
has declared conceding the resurrection, and finding no such ex,,ress wonls in the 
Scripture, as that ” the body shall nso or be raised, or the resurrection of tho lllv • 
I shall in the next edition of it change these words of my Ijook " the dead Imdin f 
men shaU rise,” into these of Scripture. the dead shall L7' (E “av 1 1 77 
8 7. and cccxxxvi". rol. i. p. 668.) . ^exux. cxi,ii. 
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sometimes lying dormant from generation to generation, indepen- 
dent, autonomous, pre-existing from their primal miraculous crea- 
tion, as descendants, like all higher forms of ‘life ^ of that one form 
of Natural Selection” into which life was first breathed/ Darwin 
grafts upon this modification of the old evolutional dogma ^ his 
provisional hypothesis of ‘ Pangenesis/ (cccviii",) 

In like manner the Evolutionists hold thai every single-celled 
organism, torule, organic molecule, out of the body, arises from a 
pre-existent germ ; and that such germs abound in the air, in 
the waters, or wherever any forms of living matter may happen 
to make their appearance. 

* Studying under this belief the phenomena described in cxlii., I was led to regard 
all ‘ cells ’ or organic units concerned in development and repair as the progeny of the 
primary germ-cell in the ovarium of the mother, and to be in that sense ‘ derivative.’ 
Save in the case of the hypothetical primordial created unit, such primary ovarian 
cell in the Aphis and all sexual organisms I regarded as impregnated. The derivative 
colls or organic units propagated themselves independently of direct sexual inter- 
course ; but, that they should not bo remotely or indirectly related to the act by which 
their seat, the developed organism, came to be, — in which organism, or its partheno- 
genetically propagated offspring, the ‘colls’ subsequently wore formed, — was to mo 
inconceivable on the then accepted hypotiiesis of ‘pre-existence of germs’ or ‘omnis 
cellula e cellulA.’ Mr. Darwin, however, opposes to the above view the remark, “ My 
gemmules” (=my germ-ccUs) “are supposed to be formed quite independently of 
sexual intercourse, by each separate cell or unit throughout the body.” (cccviii”. ii. p. 
375.) Yet, his provisional hypothesis of ‘paiigonesis’ assumes that they (‘ colls,’ ‘ccll- 
gcmniulcs,’ ‘ units ’) “are transmitted from the parents to the offspring ” (ib.). But how 
so (in sexual sjiecios), save as the progeny or outcome of the primary impregnated germ- 
cell in the mother, whence all subsequent development and cell-generation radiated? 
Take any case in cccviii"., which ‘ Pangenesis’ is propounded to explain — and all the 
given instances of varieties, malformations, &c., are from sexual organisms— as e.g. 
‘ when a stag is castrated the gemmules derived from tlie antlers of liis progenitors 
qffito fail to be developed.’ (ib. ii. p. 399): to ejich I should reply as to this case:— Such 
stag first existed as an impregnated unit in the oviducal ovum of the mother. By the 
‘ spontaneous fission’ or ‘ cleavage process’ it must have exi.sted as a mass of impreg- 
nated gemmules. Assuming, with Mr. Darwin, that some of these gemmules were 
derived from the antlers of its parent, yet they are not less the progeny of the primary 
germ-cell which was formed witliin the ovarium of the female and was fertilised by^ tlio 
male. It may bo a defect of power; but I fail, after every endeavour, to appreciate the 
‘ fundamental dif&rence' between Mr. Darwin's cell-bypothesis of 1 308 and mine of 1849 
(cxLii. p. 5-8). Both of them I now regard as fundamentally erroneous ; in so fur as 
they are absolutely based on * pre-existence ' — or ‘ omnis eellula/ &c. No doubt, many 
cells or organic UiUts are derived from pre-existing cells (vol. i. p. 625) : the phouo- 
menon of the pale or granulated blood-cells which suggested to me, in 1838, the idea of 
tho genetic moile of formation of the ordinary blood-discs, is a true phenomenon : but 
such mode of formation is subordinate to a wider law. Under given conditions 
matti^r in solution aggregates and shows form ; if inorganic as ‘ crystal,’ if organic as 
‘ spherule’: in the one tlie process is termed ‘crystallization,’ in the other ‘ formifac- 
tion.’ If the large ‘pale cell' was first filled by fluid holding organic matter in 
solution, the smaller granules or atoms it subsequently discharged might be the result 
of ‘ formifactiou it is at least a more simple, and I believe truer, idea of their origin 
than that which ascribes such origin to a mysterious genetic act under the name of 
‘ proliferation.'— (cccviii". vol. ii. p. 374.) 
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§ 428. Nomogeny ' or Thaumatogeny ? ^ — The Trench Academy 
of Sciences was the field of discussion and debate, from 1861 to 
1864, between the ^Evolutionists’ holding the doctrine of pri- 
mary life by miracle, and the ^ Epigenesists ’ who try to show 
that the phenomena are due to the operation of existing law. 
The analogy of the discussion betAveen Pasteur and Pouchet, and 
that between Cuvier and Geoffroy, is curiously close. Besides 
the superiority in fact and argument, Pasteur, like Cuvier, had 
the advantage of subserving the prepossessions of the ^ party of 
order’ and the needs of theology. The justice of Jamin’s sum- 
mary awarding to the chemist the palm of superior care and 
skill both in devising and performing the experiments, and ex- 
posing the inferiority of the physiologist in polemical ability and 
coolness of argumentation, cannot be denied. Nevertheless, 
Pouchet, is rapidly acquiring, in reference to the origin of monads, 
that position which Geoffroy Saint-Hilaire has taken in regard 
to the origin of species. It is a suggestive and instructive fact 
in the philosophy of mind and the history of progress. 

Some rare instances, in every generation, are gifted with the 
faculty of discerning the light of truth through all obstruction : 
when its glimmer is of the feeblest their brain responsively 
vibrates through a barrier of beliefs, prepossessions, precise logic, 
across thickets of facts deemed to be rightly understood, athwart 
accepted ‘ laws’ and principles, organised corps of the soldiers of 
science, public opinion, &c. ; and these men never know when 
they are beaten and put out of court : happily, against all hin- 
drance, they persist — ^ ^epiir si muovc^ 

Pasteur hy an ingeniously devised apparatus,^ collected atoms 
in the atmosphere, and described and figured them as examples of 
‘ organised corpuscles,’ ‘ globules,’ or the ^ germs ’ of living things, 
there floating.'' In a solution of organic matter, otherwise unfit 
for the development of life, the addition of some of these germs 
was followed by the appearance, in abundance, of its simple forms. 

To the conclusion that the monads were the consequence, not 
merely the sequence, of the ^ ensemencement,’ it can be objected 
that the atmospheric atoms figured® are not like the observed 
formified corpuscles by which bacteriums have been seen to be 

* ySfjLos, law, ydycD, root of yiyvofiai^ to ‘become,’ or come into being. 

* davfxa^ miracle, yhea. ^ 

® cccxxxiv". pp. 442, 443. * cccix". p. 25, PI. I. fig. 1. * Ib. PI. I. figs. 2-9. 

« Ib. “quelqnes corpuscles organis^cs.”— p. 28, PI. I. figs. 2, 3, 4 “ tout-a-fait 
semblablcs k des germes d’organismes inferieures.”— p. 37. Of the various well- 
marked forms of ova or germs of lower organisms, I know not any recognisable in the 
figures above cited. 
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built up ; and, that the chemical treatment to which they had been 
subject, in their extraction from the atmosphere, would be likely 
to destroy the vitality of fecund germs, if any were present. To 
the alleged absence of any organisms in the experiments which 
were calculated to exclude extraneous germs, and to unfit the 
infusion for the development of any it might contain, the graver 
objection applies, that the microscopic power employed by Pas- 
teur in their search was insufficient. Dr. Child,* in experiments 
which seem to be as exclusive as Pasteur’s, does obtain bacte- 
riiims, discoverable, at first, by a power of 1,500 diameters, and, 
once so seen, afterwards recognisable by a power of 750 diame- 
ters : whereas Pasteur, in his quest, did not avail himself of a 
power exceeding 350 diameters, and consequently failed to detect 
the evidence of ^ nomogeny,’ under conditions as decisive as can 
be hoped in an attempt to prove a negative. Against ^ pan- 
spermism,’ or the dogma that animalcules of infusions come, in- 
variably and exclusively, from pre-existing germs falling from 
the air, Pouchet records the results of experiments, conclusive 
or satisfactory from their simplicity and ease of repetition, and 
freedom from need of minute, ambiguous, manipulatory precau- 
tions.^ 

A glass tube containing a filtered infusion is placed in the 
middle of a glass dish containing the same infusion : this stands 
in a wider dish of water in which a bell-glass is placed covering 
the vessels with the infusion. At the end of four or five days 
the tube-infusion has a thick film abounding with ciliate infuso- 
ria : the dish-in Fusion has a thin reticulate film containing only 
bactcriums and other small non-ciliate ^ microzoaires,’ It is 
‘ difficult to see how the germs of the one kind of creatures should 
have entered or become developed in the one vessel and entirely 
different kinds in the other.’ ^ 

I refer the reader to cccxri". and cccxxxv". for further ana- 
lysis of the grounds of the disputants, and proceed to remark, 
that the illustrations of the process of development of a Pam- 
rneciurn^ so closely resemble those of the ovarian ovum in Fish 
or Mammal, that either fig. 555 or fig. 416, vol. i. of the pre- 

* cccxii". * cccx". pp. 122, 135. 

® cccxii". p. 101: paraphrasing Pouchot : — ‘ Si les oeufs tombaiont de Tatmosph^re, 
coinmo le pretendent les panspermistes, il n’y aiirait pas do raison an monde qui 
put faire que, dans la meme portion d’air, I’^prouvette en soit constanimont remplie et 
la cuvotto jamais. Colle-ci meme, i cause de sa surface bien uutroment 4tenduo, 
dovrait en r^colter inflniment plus.’ — cccx". p. 136. 

< cccx". PI. II. figs. 1-5, and ceexi". PI. I. fig. 1 . 
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sent work serves as well as those given by Pouchet, to exemplify 
it. The proligerous pellicle, due to the resolution into molecules 
of Ihe primarily formified bacteriums and vibrios of infusions, 
answers to the molecular contents of the ovisac. In both instances 
the molecules or granules aggregate into groups forming spheroids 
more opake than the rest (as in fig. 555, a): as the aggregation 
and coalescence advances the sphere becomes more opake, more 
definite : then a clear line marks its inclusion within a membrane, 
analogous to a ^ zona pellucida,’ and proclaims its individualisation 
(as in ib. b). ^^ext appears a clear nucleus, answering to the 
germinal vesicle (as in ib. c). Fission of the nucleus is followed 
by that of the monad, which may thus multiply itself within the 
primary envelope {Chlamydomonas^ CCXLix. fig. 29), like the 
cleavage-formation of the germ-mass : ciliary organs are acquired 
in" both instances, rotating the germ-mass in the mammalian 
ovum, and extricating the monad from its proligerous bed ; 
whereupon it revolves or darts along, a free animalcule, in the 
subjacent liquot of the infusion. 

In neither instance is there any support, from observation, of 
the derivation of germ-mass or of monad by evolution out of a pre- 
existing cell : in both instances have the processes of epigenesis 
or building up ah initio been repeatedly seen and traced.^ 

In the case of the ciliate infusory the following are the primary 
or preliminary steps in the formation of the j)roligerous pellicle, 
or ‘ Burdach’s mucous layer.’ In the clear filtered infusion a 
slightly opalescent appearance precedes the formation of the 
thin superficial film. This consists of molecules of various sizes, 
the most minute testing the highest powers of the microscoi)e. 
These molecules I attribute to the act of formifaction, which 
in reference to organic matter in solution corresponds with the 
crystalline aggregation of mineral matter in solution. Solution 
of organic matter, such as clear serum from a blister, enclosed in 
‘ goldbeater’s ’ skin or other close membrane, and inserted be- 
neath the integument of a living Mammal — even distilled water 
which so placed obtains the elements of formifaction by endosmosis 
— show its results in the form of granules, white blood-cells, pus- 
globules, &c. These experiments need repetition and modification 
mainly in reference to the objection that such ^leucocytes ’ might 
have wriggled their way, like Ab(£m(B, from without, through the 

' cccx". pp. 352-388. cccxi". pp. 133-253. cccxu". pp. 121-129. cccxiii". p. 
1046. cccxiv". p. 974. cccxv'. p. 467 : Maiitcg;iz?.a spout sixteen consecutive hours 
in observing this genesis. ^ 
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close texture of the enclosing bag.^ In the proligerous pellicle the 
larger molecules unite end to end, forming bacteriums, or less re- 
gularly into masses composing Torulce : these send out parts which 
become jointed tubes, and may terminate in rows of sporules 
(Pemcillium) or capsules of such {Aspergillus)^ The bacteriums 
iiiay, by further union and confluence, form vibrios. There is 
much activity, allied in character to the Brunonian movements ; ^ 
which, after a time, ceases, and the bacteriums, vibrios, &c. are 
dec^omposed to constitute the secondary series of molecules in and 
from which the development of the higher ciliate Infusory takes 
place. The formation of the proligerous pellicle or ^ secondary 
histolytic mass of molecules by the primary developments and 
resolutions of the organic material, is analogous to the formation 
of the germ-mass, in ovo, by the successive spontaneous fissions, 
assimilations, and ultimate coalescence of the progeny of the origi- 
nal germinal cell. 

To meet the inevitable question of ^ Whence the first organic 
matter ? ’ the Nomogenist is reduced to enumerate flie existing ele- 
ments into which the simplest living jelly {Protogenes of Haeckel) 
or sarcode {Amccba) is resolvable, and to contrast the degree of 
probability of such elements combining, under unknown condi- 
tions, as the first st^) in the resolution of other forces into vital 
force, with tlie degree of probability remaining, after the obser- 
vations above recorded, of the interposition of a miraculous power 
associating those elements into living germs, or forms with powers 
of propagating their kind to all time, as the sole condition of 
their ubicjuitous manifestation, in the absence of any secondary 
law thereto ordained. 

In this, the last general summary of work which I am likely 
to find time to complete, the expression of belief on one or two 
points where proof is wanting may be condoned. The chance 
of its being a help, or encouragement, to any younger, more 
vigorous, mind, bent upon gi'appling with such problems, outweighs 
any anticipation of trouble consequent upon the avowal. 

It seems to me, then, more consistent with the present phase of 
dynamical science and the observed gradations of living things, to 
suppose that sarcode or the ^ protogenal ’ jelly-speck should be 
formable through concurrence of conditions favouring such com- 
bination of their elements and involving a change of force produc- 
tive of their contractions and extensions, molecular attractions 
ahd repulsions — and that sarcode has so become, from the period 

* cf'xvii". * ccxvm". p. 470, in all organic molecules, living or dead. 

* cccxxxv". p. 10. 

3 G 
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when its irrelative repetitions resulted in the vast indefinite masses 
of ^ eozoon,’ exemplifying the earliest process of ^ formifaction ’ or 
organic crystallisation — than that all existing sarcodes or ^ protO’- 
genes ’ are the result of genetic descent from a germ or cell due 
to a primary act of miraculous interposition. 

Some, accepting the latter alternative, teach that, while gene- 
rations of the first-created sarcode have descended to us unchanged 
from the period of the Laurentian limestone, ether sarcodal off- 
spring have developed and improved, or have been selected, intcwall 
higher forms of living beings. I prefer, however, while indulging 
in such speculations, to consider the various daily nomogeneously 
developed forms . of protozoal or protistal jellies, sarcodes and 
single-celled organisms, to have been as many roots from which 
the higher grades have ramified, than that the origin of the whole 
organic creation is to be referred, as the Egyptian priests did that 
of the universe, to a single Egg. 

Amber or steel when magnetised seem to exercise ^ selection ’ ; 
they do not attract all substances alike. To the suitable ones at 
due distance they tend to move ; but, through density of consti- 
tution, cannot outstretch thereto ; so they draw the ^ attracted ’ 
substance to themselves. If the amber be not rubbed, or the 
steel bar otherwise magnetised, they are ^ dfead ’ to such power. 
The movement of a free body to a magnet has always excited in- 
terest, often wonder, from its analogy to the self-motion so com- 
mon and apparently peculiar to ^ life.’ 

A speck of protogenal jelly or of sarcode, if alive, shows ana- 
logous relations to certain substances : but the soft yielding tissue 
allows the part next the attractive matter to move thereto, and 
then by retraction to draw such matter into the sarcodal mass, 
which overspreads, dissolves, and assimilates it. We say that the 
Protogenes or Ammha has extended a ^ pseudopod,’ has seized its 
prey, has drawn it in, swallowed, and digested it. No ^ organs,’ 
however, are recognisable \ neither muscle, mouth, nor stomach. 

If the portion of iron attracted ^by the magnet became blended 
with the substance of its attractor, the analogy thereto of the act 
of the abaema would be, perhaps, closer, more just, than that 
other analogy which is expressed by terms borrowed from the 
procedure of higher organisms. 

From certain knowledge of the homogeneous, by some termed 
^ unorganised,’ texture of Protogenes and Ahmma^ we cannot pre- 
dicate of their having sensation or exercising volition. Given 
^ life ’.and suitable organic substance at due distances, the act of 
making c6ntact seeriis as inevitable, as independent of any voli- 
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tion of the abaBma, as in the case of amber or steel, given ^ mag- 
netisation’ and attractable substances at due distance. 

The term ‘ living,’ in the one case, is correlative with the term 
^ magnetic ’ in the other. Devitalise the sarcode, unmagnetise 
the steel, and both cease to manifest their respective vital or 
magnetic phenomena. In that respect both are ^ defunct.’ Only 
the steel resists much longer the surrounding decomposing 
agencies. 

A man perceives a ripe fruit : if he can and will, he stretches 
out his hand, plucks, brings to his mouth, masticates, swallows, 
and digests it. 

The question then arises whether the difference between such 
series of actions in the man and the attractive and assimilative 
movements of the amajba, be less or greater, than the difference 
between these acts of the amaeba and the attracting and retain- 
ing acts of the magnet. 

More may be said on both questions than I have here space for ; 
but, wlien all is said, the question, I think, may be put with some 
confidence as to the quality of the ultimate reply and the affinity 
to truth, and liberty to accept it, in the equal respondent, viz., 
whether the amacbal phenomena are so much more different, or so 
essentially different, from the magnetic phenomena than they are 
from the mammalian phenomena, as to necessitate the invocation 
of a special miracle for their manifestation ? 

Magnetic phenomena arc sufficiently wonderful, exemplifying, 
as they do, one of those subtle, interchangeable, may we not say 
^ immaterial,’ modes of force which endows the metal with the 
power of attracting, selecting, and making to move a substance 
extraneous to itself. It is analogically conceivable that the 
same Cause which has endowed His world with power conver- 
tible into magnetic, electric, thermotic and other forms or modes 
of force, has also added the conditions of conversion into the vital 
mode. 

Nerve-force we know to be convertible into electric energy, 
and reciprocally : and from the electric force, so induced, magnetic 
and other modes have been derived (vol. i. p. 357). The direc- 
tion, then, in which may be anticipated the replies to the ulti- 
mate question, will be toward an admission of the originating 
and vitalising of t^e primary jelly-speck or sarcode-granule, by 
the operation of a change of force forming part of the constitution 
of Kosmos ; not contrary to its ordained laws, in the sense in 
which ^ miracle ’ or the ^ interposition of special creative act,’ is 
rightly understood. 


3 Q 2 
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But from protozoa/ or protista, to plants and animals, the gra- 
dation is closer than from magnetised iron to vitalised sarcode. 
From reflex acts of the nervous system animals rise to sentient 
and volitional ones. 

And with that ascent are associated brain-centres progressively 
increasing in size and complexity. Arrest the development of 
the human brain at the point it has reached in the ^ Aztec,’ and 
the faculty of generalising and giving expression to such gene- 
ralisations is wanting. The Aztecs can articulate words, and 
apply the right noun to the thing, as e.g. ^ bread,’ ^ chair ; ’ but 
they cannot combine ideas into propositions and say ^ give me 
bread,’ ^ set me the chair.’ 

For such advance in intellectual acts more brain is essential. 
Compared with the normal state of brains in the brutes best 
endowed, so much more cerebral substance is required, and in 
such position, as to make the great and sudden rise, in the lowest 
grades of man, which is referred to in p. 144 . 

Thought relates to the ^ brain ’ of man as does electricity to the 
nervous ^ battery ’ of the torpedo : both are forms of force, and 
the results of action of their respective organs. 

Each sensation affects a cerebral fibre, and in so affecting it, 
gives it the faculty of repeating the action, wherein memory con- 
sists, and sensation in a dream. 

A dog at the sight of a rabbit receives a sensation which in- 
duces a volition, and he barks with the excitement of the chase. 
He sleeps, and by suppressed barking and agitation of limbs 
reveals the fact that he dreams. Shall we obtain any further 
insight into the nature of the act or acts resulting in this sensa- 
tion, memory, dreamy imagination, by saying that the perception 
of the rabbit reaches the ‘ soul ’ of the dog by the affection of its 
cerebral fibres ? Is the ^ soul ’ of the dog other than the per- 
sonified sum of his psychological manifestations ? 

The ^ sight ’ of the dog is its faculty of vision, the ^ soul ’ of 
a dog is its power of knowing what it sees and determining ac- 
cordingly : it may approach the object with every manifestation 
of sentiments of gladness and submissive affection : it may rush 
upon it with every sign of rage ; it may pursue it with every 
mark of excited ardour. 

And these mental activities can only go ^on for a time : the 
waste thereby occasioned of fibre and of power calls for reno- 

* This is the better as well as older term : (wov being understood as ‘ life’ generi- 
cally, and before development has differentiated its manifestations into unambiguous 
‘ vegetal ’ and ‘ animal ’ modes. 
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vation, and this for repose, of the mental organ. In sleep the 
eyes close and sight goes; what then happens to the brain- 
fibres we cannot see nor tell : but the sum of action called 
^ soul ’ ceases. Deep sleep is utter unconsciousness to Dog and 
Man. The initial steps, and partial resumptions, of brain-action 
are ^ dreams ’ ; the awakening one issuing, often suddenly, in the 
full blaze of consciousness. 

I am most averse to travel beyond my proper province ; but 
a general physiological conclusion from the phenomena of the 
nervous system inevitably brings on collision with a dogmatic 
affirmation or definition of the cause of the highest class of those 
phenomena instilled as an article of religious faith into fellow- 
Christians, and on which is based their mode of thought affecting 
dearest hopes and highest aspirations. It must be repugnant to 
any good man’s feelings to say aught that may unsettle such 
mode of thought, though he knows that what he has to impart 
lends truer and better support to both the fixitb and the hope. 

If the hypothesis that an abstract entity produces psycho- 
logical phenomena by playing upon the brain as a musician upon 
his instrument, producing bad music when the fibres or cords are 
out of tune, be rejected, and these phenomena be held to be the 
result of cerebral actions, an objection is made that the latter 
view is ^ materialistic ’ and adverse to the notion of an inde- 
pendent, indivisible, ^ immaterial,’ mental principle or soul. 

What ^ materialistic ’ means in the mind of the objector I 
nowhere find intelligibly laid down ; but it is generally felt to be 
something objectionable, inconsistent with, or shaking the founda- 
tions of an article of faith,’ as Stillingfleet would have said. 

To this I repeat Locke’s answer, that my faith in a future life 
and the resurrection of the dead rests on the grounds of their 
being parts of a divine revelation. 

If I mistake not, present knowledge of the way in which we 
derive ideas of an outer world helps to a more intelligible con- 
ception of ‘ matter,’ ^ substance,’ ^ immateriality,’ &c, than could 
be framed by patristic and mediaeval theology. To make intelli- 
gible my own ideas in this subject, which the anticipated imputa- 
tion draws from me, I would put a case and ask a question. 

When Saul at Endor perceived that it toas Samuel,”* lines 
of force, as ^ luminous undulations,’ struck upon his retina. 
Qu. Were the centres whence they diverged to produce the idea 
of the dead Prophet ^ material ’ or ^ immaterial ’ ? 

Other lines of force, undulated in another manner, frona 

* 1 Sam. xzyiii. 14, 
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centres, producing the ideas of the dead man’s speech : — “ Why 
hast thou disquieted me, to bring me up?”^ Qu, Were the 
centres radiating these acoustic lines of force niaterial or spiritual ? 

Substitute the living for the dead Prophet, and it will be said 
that the points whence the rays of light converged to produce his 
image in the beholder are ^ material ’ because ^ tangible ; ’ in the 
case of the ^ spirit of Samuel ’ not. Had Saul stretched forth his 
hand to grasp the vision it would have met no resistance. Let 
lis, theii, analyse the sensations from tangible lines of force. I 
stretch forth the sum of forces called ‘ hand,’ and exercise part of 
, them' in a way and direction called ^ pressure/ deriving the sense 
of idea of such act by my lines of force being opposed by other 
lines of force. To the extent to which my forces overcome the 
opposing forces, I have an idea of a something giving way; when 
my lines of force are overcome by the opposite lines of force, I 
have the idea of a hard or resisting surface. But all that I 
know, after ultimate analysis, is the meeting of opposite forces ; 

. of tlie centres respectively radiating such force I know nothing ; 
and if I did or could know anything I cannot conceive that I 
should get a clearer idea of ^ touch ’ than as a relation of certain 
lines of force acting from centres, which may as well be ^ im- 
material ’ as ^ material ’ for any intelligible notion I can frame of 
those verbal sounds. 

If a blade of metal could move itself to and fro in striving to 
cleave the space between excited electro-magnetic poles, and 
could tell us its sensations, they would be those of sawing its way 
through a substance like cheese ; but there is no visible impedi- 
ment : nor, were luminous undulations to vibrate from the hin- 
drance as from the plane of force resisting the pressing finger, 
would the hindrance be less ^ immaterial.’ Similarly, if lines of 
thought-force were visible, the ^ ghost’ would not on that account 
be more ^ material.’ 

The ideas excited by the act of pressure are those of the ^ ex- 
ertion of force’ and the ^resistance of force; ’ if these ideas be 
analysed they include those of the direction bf force in lines from 
centres or points. F urther than this, my mind, or thinking faculty, 
cannot go ; i. e. can have no clear ideas : I cannot feel that I 
know more about the matter by calling the ^ centres of force ’ 

^ material atoms ’ or ^ immaterial points,’ and am resigned to rest 
at a point beyond which Faraday^ did not see his way. 

Having evidence of the opposing force acting in lines from cen- 
tres distinct from and outside of those volitional centres called 
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^ ego/ the sensation is sufficient for my belief that it is due to the 
reaction of lines of force from outside-centres upon lines of force 
put into action from inside-centres. But I have no ground for 
calling the one ^ material/ and the other ^ immaterial/ or either, 
or both. The same result has followed my attempts to analyse 
all sensations and volitions, i. e. I know of nothing outside 
myself of which I can have any clearer knowledge by calling it 
^ material,’ than I have of that which originates force from within 
myself, by calling it an ^ immaterial ’ entity, mental principle, or 
soul. 

But, so it is ; in the endeavour to clearly comprehend and 
explain the functions of the combination of forces called ^ brain,’ 
the physiologist is hindered and troubled by the views of the 
nature of those cerebral forces which the needs of dogmatic 
theology have imposed on mankind. 

How long physiologists would have entertained the notion of 
a ^ life,’ or ^ vital principle,’ as a distinct entity, if freed from this 
baneful influence, may be questioned ; but it can be truly affirmed 
that physiology has now established, and does accept, the truth 
of that statement of Locke — ^ the life, whether of a material or 
immaterial substance, is not the substance itself, but an affection 
of it.’ * Keligion, pure and undefiled, can best answer, how far 
it is righteous or just to charge a neighbour Avith being un- 
sound in his principles who holds the term ^ life ’ to be a sound 

* cccxxxvi". vol. i. p. 761. As the authority of a Physiologist and late President 
of the Royal Society may be cited for ascribing such vital phenomena to an invisible 
* mental principle/ (a) I unwillingly refer to the remark by which Sir E. Brodie meets 
the obviouK objection of the divisibility, without destruction, of acrite organisms: — ‘ It 
is true that one of our most celebrated modern physiologists, from observing the 
multiplication of polypi by the mere dilfeion of the animal, has come to the conclusion, 
that the mental principle, which to our conceptions presents itself as being so pre- 
eminently, above all other things in nature, one and indivisible, is nevertheless itself 
divisible, not loss than the corporeal fabric with which it is appreciated.’ (p. 115.) 
The reader, eager for new light and guidance tow^ard truth, naturally here expects the 
facts and arguments exposing the weakness or fallacy of the inference deduced from 
the polype-phonomona. The sole remark is a charge of that kind called ‘ argumentum 
ad hominem' * But it is to be observed’ (proceeds Sir B. B.) ‘that, great as is the 
authority of Muller generally in questions of physiology, in the present instance he 
is not quite an unprejudiced' witness, inclined as he is to the pantheistic theor3%’ 

(p. 116.) Now, the charge is untrue; and, were it otherwise, affects not the point in 
question. Johannes Muller was of the school of inductive physiologists, opposed to 
Oken and others of the school of Schelling. He would not accept even the ‘ vertebral 
theory of the skull,' or ‘ general homologies ; ' but adhered to the party of Curier : 
he lived and died a sincere member of the Roman Catholic Church. Brodie’s notior 
of a ‘mental principle’ seems to bo a combination of ‘vital principle’ and ‘soul,’ 
vvevfia and 

(a) Brodie’s, Sir B., ‘ Psychological Enquiries,’ 12mo. 1854, pp. 103, 115, 167. 
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expressing the sum of living phenomena; and who maintains these 
phenomena to be modes of force into which other forms of force 
have passed, from potential to active states, and reciprocally, 
through the agency of these sums or combinations of forces im- 
pressing the mind with the ideas signified by the terms ^ monad,’ 
^ moss,’ ^ plant,’ or ‘ animal.’ 

If the physiologist rejects the theological sense of the term 
^ life,’ without giving cause for the charge of unsoundness in re- 
ligious principles, does he lay himself more open to the charge, 
by rejecting, also, the theologian’s meaning of the term ^ spirit,’ of 
the term ^ soul,’ of the term ^ mind,’ and wc might add of ^ sin ’ or 
^ death ’ ? That is to say, arguments based upon scriptural ex- 
pressions of thought-force may be drawn from the like personifi- 
cations of the aberrations and cessation of such force. Both Poets 
and Painters have, in each case, endeavoured to realise and give 
shape to the abstractions. 

When doubting Thomas obeyed the Lord’s command, his 
fingers met resistance below what seemed to him the surface of the 
side, and, entering the wound, were opposed by a ^ force ’ exceed- 
ing the ^ force ’ they exercised.^ The resulting idea was, that 
the ^ matter’ of our Lord was there, but^ wanting where the spear 
had penetrated; the fact was the opposition of a force by a force, 
and the sensation of that opposition. We know of nothing more 
^ material ’ than the ^ centres of force.’ Our ideas of tilings with- 
out as within the ^ ego ’ are the action and reaction of forces, as 
^ material ’ or ^ immaterial ’ as the ideas themselves. 

In this view is avoided the alternative of ^idealism’ with 
denial of an external world, or that of the personifying the sum 
of mental phenomena as an ‘ immaterial indestructible soul,’ con- 
tradistinguished from other sums of forces which are as arbi- 
trarily styled ^destructible matter.’ Sleep, stimulants, drugs, 
disease, concur by their effects in testifying that the kinds and 
deg'^ees of mental manifestations are the result of corresponding 
affections and changes of structure of the brain. 

How the brain works in producing thought or soul is as much 
a mystery in Man as Brutes — is as little known as the way in 
which ganglions and nerves produce the reflex phenomena simu- 
lating sensation and volition. 

* cccxxxvi". vol. i. p. 656. The whole of Locke's * Second Ecply ' to Bishop Stilling- 
fleet may be read, with profit, in relation to the undesigned testimony borne by 
Physiology to the clear good sense and affinity for truth in the Philosopher’s remarks 
on the relation of the dogma of Mm materiality,' Mndestructibility,' and ‘separability ' 
of soul, to a Christian’s faith in the resurrection of the dead as resting on the grounds 
of divine revelation. 
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But it is a gain to be delivered from the necessity of speculat- 
ing where the ^ soul ’ wanders when thought and self-conscious- 
ncss are suspended : or how it is to be disposed of until the 
^ resurrection of the body/ glorified or otherwise ; of which rein- 
tegrated sum of forces ^ soul ’ will then, as now, be a parcel. 
If the Physiologist and Pathologist had done no more than 
demonstrate ‘ the universal law of our beingV which cuts away 
the foundations of ^ purgatory ’ or other limbo, from the feet of 
those who trade thereon,^ which makes ^ judgment ’ follow death 
without consciousness of a moment’s interval,^ they would deserve 
the gratitude of the Christian world. 


614 



Derivation of Equlnea. 

* CCCXXXVIl". p. 306. 

* Not to mention the kindred baser brood of ’* Spiritualists and Spirit-Rappers.* 

® For the importance of this conviction to ‘ practice,’ see cccxxxvi". vol. i. p. 156, 
§ 63. ‘In comparing present and future.* 
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Kingdom : A N IMA L I A — i. v. viii. 

Province : MYELENCEPHALA, seu VERTEBRATA i. ix. x. xi. xxi. 

]-4, 19, 29, 359, C40. 

Genetic Section : Zootoka, i. 6; it. 2G6. 

Thermotic Section: ILematotukrma, 1, 7; ii. 1-4. 

Chistt : MAMMALIA— I. xi. xvi. xxxviii. 0 ; n. 26(>, 207, 300 ; nr. 1, 63, 73, 190, 204, 
219, 246, 26.3, 383, 478, 492, 000, 004, 013, 016, .334, 001, 007, 563, 568, 072, 
604, 610, 632, 611, 676, 709, 701, 783. 

Genetic Section : Pl a c e n t a li a — iii. 285. 

Sub-class: Archenckphai.a — ii. 274, 291; iii. 127, 138. 

Order: BJMANA — i. xvii. xxxviii. ; ii. 292, 553-586 ; nr. 54, 59, 60, 
70, 72, 88, 132, 147, 322-320, 434-44:^; filO, 625, 555, 641, 673, 
704, 747, 751, 780, 783. — Homo — i. xii. xvi. xxxv. xxxviii. 362 ; 
ir. 273, 274, 291, 292, 293, 298 ; in. 1, 2, 50, 09, 61, 62, 64, 65, 
76, 77, 78, 82, 83, 8.3, 88, 92-97, 124, 127-136, 138-141, 142, 

144-146, 148, 149, 154, 157-159, 161, 166,167, 178, 181,184, 

187,190, 199-203, 206,217-223, 225, 236-240,202-258, 261-262, 
266, 376, 396, 405-409, 483, 487, 488, 491, 497, 500, 001, 507, 
509-511, 514,530-532, 534, 548, 556, 557, 062, .366, 570, .382, 
583, 601-603, 608, 61.3, 614-616, 619, 621, 623, 642, 673, 676, 
704-708, 711-713, 723, 748-797. 

Sub-class : Gykkncephala — ii. 272 ; in. 24, 98, 99, 114, 128, 147, 604, 641. 

A. UN(3urcuLATA — II. 28S, 487; ni. 128. 

Order: QUADBUMANA—i. xvii. xviii. xx. xxxviii. ; ii. 290, 011 ; in. 
52, 58, 71, 88, 91, 98, 114, 124, 128, 144, 147, 156, 162, 180, 
184, 187, 198, 216, 23.5, 2.32, 258, 261, 300, 31.3, 395, 429, 487, 

496, .551, 5.55, 563, 566, 568, 570, 608, 619, 672, 701, 706, 74.5, 

7.54, 780, 783. — Sub order: Catauhina — n. 29L 517, 531, 543 ; 
III. 216, 236, 252, 316, 432, 487, 496, 599, 673, 703, 746, 780.— 
Troglodytes — i. xxxii. xxxv. — Tr. Gorilla, i. xix. xxxv. ; n. 29 1 , 
523, 536-538, .546-553, 572; in. 55-59, 71, 127, 138, 144, 236, 
317-322, 434, 582, 601. — Tr. niger, i. xxxii.; n. 273, 521, 522, 
535, 545; in. 127, 130, 131, 236, 317, 321,-434, 582, 600, 673~* 
Pithccus safyrus—j. iLx. ; n. 272, 273, 520, 534, .544, 553; in. 
70, 127, 131, 316, 434, 536, 5*82, 600, 7S0-^Hf/lol)ates sgndactylus, 
II. 291, 520, 033, 544, 552 — H, leuciscus, 520, 544 — H. agilis, 
in. 53, 71,124, 433, 582, 600, T^Q—Colohus ursinus, n. 519,543 ; 

* SpeciOB marked with • liave not been anatomized, or the parts described not seen, by the author. 
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Order : Q UADR UMANA — continued. 

Ilf. larvatus, ii. 519 ; iii. 2 1C, 433, 7 1C — Semnopi- 

thecu$ entelliiSy ii. 519, 533; iii. 432, 44C — S. nielalophis, ii. 519 
— 8. fasciciilariSf iii. 433, 44C — Ccrcopltkccus sabcens, ii. 533; 
III. 236, 483, 434, 600, 703, 746 — C. ruher^ ii. 533 — C. alhogu- 
larisj IT. 533 — Macacus^ i. xxxii. — M. radiatus, ii. 273, 517 ; m. 
53, 124, 126, 432 — M. rhesus, ii. 517 ; m. 134, 74C — M. inmms, 
II. 517, 532 — M. silenus, in. 703 — M. cynomolgus, m. 673 — M. 
nenmtrinus, ii. 519, 533, 543 — Cynocephalus porcarms, ii. 517, 
531, 532 ; m. 662 — C. Sphinx, m. 432 — C. Toth, ii. 517 — Papio 
Mornwn, ii. 617, 631 ; iii. 91, 131, 316, 673, 703.— 8ub-ordcr : 
Platyiiiiina — II. 291, 295, 515, 529 ; iii. 71, 125, 216, 315, 432, 
698, 672, 703, 780 — Mycctes seniculns, ii. 519, 531.; iii. 432, 
595, 745, 746 — Ateles helzehut, n. 27'^^b paniscus, ii. 307, 615 
—A. niger,\i. 615, 516, 630, 643 ; m.^ ^1, 146, 187, 5dS-Cyms 
Apella, II. 629, 634; iii. 131, 315—0. capucinus, ii. 373, 516, 
530 ; III. 643, 598, 672, 746 — C. hypoleucus, ii. 515 — Callithrix 
sciureus, ii. 515, 530, 643; iii. 114, 124, 125, 129, 131, 199, 
745, 746 — C. Spixii, n. 515 — C. personata, ii. 529 ; in. 598 
— Nocthora trivirgata, in. 746 — Pithccia chrysoccphala, in. 315 
— Midas rufinm^ms, ii. 512; in. 114, 124, 125, 129, 131, 315, 
432 — Hapale jacchus, ii. 615, 529, 530, 542 ; in. 129, 315, 
432, 698, 745, 746. — Sub-order; Stkeusiruina {Syn. Lemu- 
290, 512; ni. 124, 198, 216, 235, 314, 395, 430, 525, 
597, 672, 701, 780 — Tarsius spectnm, ii. 612, 528, 542 ; iii. 53, 
314, 431, 582, 672 — Microcehus pusillus, tit. 199 — Otolicnus eras- 
sicaudatus, ii. 512, 542 ; in, 431, 672, 780 — 0. Peli, ii. 512 ; nr. 
315,701 — Galago MohoU, in. 431 — G, calahariensis, ni. 431 — 
Cheirogaleus griseiis, n. 629 — Lemur, i. xxxv. ; L. Catta, ii. 612 ; 
HI. 53, 124, 125, 130, 235, 542, 780— L. nigrifrons, ii. 513 ; in. 
619, 637 — L. macaco, ii. 529 ; m. 146, 582 — L. Mongoz, in. 198, 
395, 562, 582, 597 — L, niger, in. 199, 432 — L. albifrons, nr. 91, 
216, 672, 702, 745 — Stenops gracilis, ii. 512, 542 ; iii. 314, 597, 
672 — St. tardigradus {Loris, syn.), in. 196, 405, 431, 612, 545, 
701, 702 — St. javanious, iii. 431 — Perodiciicus potto, ii. 512, 
628, 541 ; ni. 198, 431, 452, 672, 701 — Propithecus diadema, 

II. 542 — Jjichanotus indri, ii. 240, 512, 515, 528, 701 — L. laniger, 
IT. 528; in. 314 — Chiromys madagascariensis, i. xxxv. ; ii. 612, 
513, 529, 539, 641, 642; in. 53, 54, 124, 125, 198, 235, 252, 
313, 314, 682, 696, 637, 672, 780 — Galcopithems volans (.syn. 
Temminclcii), ii. 387, 393, 511, 526; iii. 311, 312, 313, 369, 430, 
662, 776 — G. Philippinensis, ii. 612 ; iii. 429, 577, 612, 657. 

Order: CARNIVORA— i. xxxviii. ; ii. 288, 296, 348, 487, 506, 511 ; 

III. 1, 49, 51, 69, 88, 91, 116, 119, 122, 126, 146, 181, 197, 204, 
215, 234, 252, 300, 327, 395, 404, 442, 485, 495, 523, 548, 561, 
681, 623, 641, 668, 698, 742, 780, 783, 7d0~Felidcs, ii. 488, 510 ; 
III. 51, 69, 116, 118, 125, 128, 159, 181, 235, 328, 330, 369, 
370, 443, 605, 780 — Felis leo, i. xxvii. 362 ; ii. 288, 289, 492, 
493, 504, 505, 506, 511 ; iii. 51, 70, 198, 216, 252, 327, 328,442, 
443, 485, 496, 523, 535, 682, 596, 641, 671, 744—7^’. tigris, ii. 505 
in. 234, 235, 523, 582, 671 — F. leopardus, iii. 198, 700, 701 — 
F, onca,. ra„ 175„ 181„ 198 — F. iubata. ni„ 118 — F^ caracal, im 
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Order; CATINIV OBA—contirmed. 

671, 713, 780 — Machairodus, m. .829, 33&, 370, 373 — Pterodon^ 
III. 338 — Uycmodonyiii. 339, 340, 372, 37t'>, 790 — Hymna vulgaris^ 
n. 492, 504, 510; iii. 177, 198, 330, 605, 637, 780— i?. crocuta, ii. 
492 ; iJi. 329 — Viverra civetta, ii. 492, 502, 509 ; iii. 637, 700 — ■ 
V. genetta, ir. 510; iii. 637, 780 — V. zibetta^ iii. 670 — EuplereSi"^ 

II. 510 — Bassaris astuta, ii. 510 — Ilerpestcs Ichneumon^ ii. 503 ; 
HI. 508, 780 — II. penwillata^ n. 510 — H.Mungo^ ii. 503 — Ehyzcena 
tetradactyla, ii. 510; in. 444, 670 — Paradoxurus typns, ii. 492 ; 

III. 331, 445, 780 — Cynogale harhatus^ ii. 510; in. 331 — Qale- 
cynus, II. 503 — Canidm^ ii. 289, 492 ; iii. 69, 118, 197, 548, 608, 
W—Canis, iii.^235, 330, 331, 332, 370, 405, 670—0. australis, 

II. 503, 504 — C. aureus, ii. 503 — C. lupus, ii. 492, 503, 593 — 
0. domesticus, ii. 296, 492, 506, 571 ; m. 118, 156, 215, 234, 
404, 405, 444 , 496, 512, 561, 570, 582, 670, 700, 709, 710, 715, 
74 4 , 820 — C.pktus, IT. 510 — C. rufus, ii.492 — C.mlpes, h. 503 ; 

III. 117, 118, 175, 176, 180, 637 — Pnoynodon, iii. 334 — Arn- 
phicyon, iii. 340, 372, 375 — Megalotis Lalandii, ni. 234 — 
Mustelida, ii. 492, 502, 509 ; iii. 234, 333, 608, 780 — Mustela 
Oiiartes, in. 495, 670, 744 — M. zihellina, ii. 491 — Putorius, 11. 
501, 509; III. 116, 129, 333— P. ermineus, ii. 143, 491— P.>r<?, 
Ill, 744 — Mephitis zorilla, in. 637 — Mydaus mcliceps,'n. 491, 609 ; 
III. 637 — Lutra vulgaris, 11. 491, 501, 509 ; in. 234, 235, 333, 
563, 637, 7^0— Enhydra,* iii. 234, 333, 336, 445, 780-^Melcs 
taxus, II. 491, 501, 509; iii. 234, 333, 334, 669, 780—Taxidea 
labradorea, iii. 333, 780 — Ratelus mellivorus, ii. 501, 509 ; in. 
700— -Arctfmyx, iii. 333 — Guh arcticus, ii. 501; iii. 235 — 
Ursidrfi, ii, 490, 494, 499, 508; iii. 780 — Urstis arctos, 11. 499; 
in. 118, 234, 329, 335, 371, 595, 669 — U. americanus, iii. 745 
— U. ferox, II. 500; ni. 143 — U. maritinms, ii. 490, 500; iii. . 
618, 699— i7. labiaim, ir. 490 — Subursidx^, ir. 509; iii. 608— 
Bnhursus thihalanus, iii. 197 — ornatus, ii. 508 — Nasua, ii. 501, 
508; HI. 117, 334, 780— Ailurus, ii. 494, 601 ; iii. 334, 445, 780 
— Procyon lotor, ii. 491, 501, 503, 508 ; iii. 334 — Arcticlis (syii. 
Ictidcs) albifrons, ii. 491, 508; iii. 445, 491, 508 — Cercolepies 
caudivolvulus, ii. 197, 491, 509 ; in. 334, 780 — PhocidcB (syn. 
Pinnigrada), ii. 288, 490, 494; iii. 65, 147, 234, 336, 780— 
Trichechus rosmarus, u. 289, 490, 498, 507; ni. 338,'* 524, 780 — 
Phoca {Calocephalus) vitulinus, i. xix. ; 11. 289, 296, 494, 507 ; 
III. 118, 119, 337, 446, 486, 524, 561, 581, 605, 669, 698, 745— 
Ph. grcenlandica, n. 488, 489, 494, 498, 507 ; in. 115 — Halichoerus 

' griseus, ii. 494 — Pelagius monachus, ii. 495, 507 — Cystophord 
cristata, ii. 496, 497 ; m. 336, 524 — Cyst, proboscidea, ii. 496, 
497 ; III. 337 — Stenorhynchus leptonyx, ii. 495 — 8t, serridens, 11. 
489, 495 ; iii. 336, 337, 369 — Otaria leonina seu juhata, ii. 496, 
497 , 498 ; in. 336, 486 — 0, ursina, ii. 507 ; in. 216, 234, 618 — 
0, lohata, in. 618 — Ommatophoca, in. 337 — Arctocephalus aus- 
trals, II. 496. ♦ 

B. Unoulata — I. xxviii.-xxx. ; ii. 280-286, 29$, 296, 487 ; m. 1, 
128, 188, 340, 522, 623, 732, 778. 

Order: AETIOPACTYLA— 11 . 283, 285, 296, 457; m. 41, 122, 343, 
465, 598, 666, 668, 694, 698. — Sub*order: Kuminantia — 1 . xxix. 
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Order: AB TIOD AC TYL A— continued, 

^ 348, 392, 4G7, 615, 522, 624, 667, 606, 737, 472, 
486 ; III. 351, 547, 607, 624, 779 — Bos, i. xi. 362; ii. 286, 462 ; m. 
128, 159, 625, 631, 7^S— Bos taurus^ i. xxxii. ; ii. 461, 472, 482; 
III. 42-47, ^0—Bos grunnkns, ii. 483 — Bison, i, xxxii.— 7?. eurO’ 
pens, II. 462,472, 473; iii. 196, 351 — B, americanus, iii. 625, 697 — 
Bubahis—ii. 473 ; iii. 233, 779—2?. caffer, iii. 626—2?. nwschatus, 
III. 626, 779 — B. gnu, n. 482 ; iii. 626 — AntilopideB, ii. 286, 
483 ; III. 624, 625, 633, 634 — A, (Aigoccros) equhia, ii. 473 ; 
III. 462, 482—^. doreas, in. 555, 779— A. ccrvicapra, ii. 482 ; 
m. 626, 632 — A, rupicapra, iii. 633 — A. corinna, iii, 635 — 
A, strepsiccros, ii. 473; iii. 77 — A. {CepJialojjhus) mcrgtns, ii. 
473; III. 626 — A, tragehtphus, iii. 626 — A. dama, iii. 779 — 
A, areas, 779 — A. (Tetraceros) quadricornis, ii. 473 ; iii. 625. 
— Antilocapra amcricana (syn. Dicranocerns) — ii. 473; iii. 625, 
^'IQi—Bivatlierium — ii. 473; iii. 625 — Bramatherhim, ii. 473; 
in. 625 — OmdcB, in. 624, 779 — Capra hinus, ii. 475 ; in. 738 
— Ovis aries, ii. 286, 474, 475; iii. 87, 738 — 0. arnmon, ii. 474; 
III. 618 — 0. musimnn, m. 618; 0. Vignei, ii. 474; in. 618 — O 
mahiira, ii. 462, 474 — Camelopardalis Girajfa, i. xxxii. ; ii. 286, 
464, 475, 482 ; in. 47, 49, 75, 90, 122, 143, 196, 471, 595, 631, 
779 — Moschidee, ii. 286, 486 ; in. 779 — Moschus moschij'erus, n. 
460, 471, 484, 486 ; in. 348, 349, 351, 481, 635 — M, aquaiicus, ii. 
486, 487; in. 472, A^^Z—Tragidus, n. 298, 471, 472, 483; in. 114, 
120, 121, 122, 123,351,696,737 — Trjavaniciis, ii. 484 — Tr. napu, 

II . 486 — Tr, Jcanckil, ii. 484 ; iii. 467, 481, 515 — Tr. pygmeus, 

III. 143 — Borcatherium, ii. 286 — Ccrvidxe, ii. 286, 486 ; iii. 122, 
123, 627, 738, 779 — C. elaphus, in. 628, 738— C. dama, ii. 478; 
III. 629, 631 — C. tara 7 ulus, i. xxxii.; ii. 464, 478; iii. 630, 
697 — C. davidianus,* in. 628, 630 — C. capreolus, ni. 630, 696 — 
C. riifus. III. 631, 697 — C. simpUcicornis, in. 631 — C. muntjac, 
II. 478, 479; iii. 631 — Megdberos, n. 285, 483; in. 351, 628 — 
Alces, i. xxxii. ; ii. 478 ; iii. 351, 594, 630 — CamelidtB, i. xxxii. ; 
II. 460, 462, 474, 481, 482 ; iii. 43, 44, 122, 196, 478, 581, 607, 
779 — Camdus, n, 286 ; iii. 48, 349, 695 — C. hactriamis, 49, 

459, 471, 784 — C. dromcdariiis, 49, 784 — Auchenia lama, ii. 286, 

460, 470; in. 122, 349, 468, 515, 565, 618 — AueJienia vicunia, 
II. 470; in. 515. — Sub-order; Omnivoka — i. xxix. ; n. 206 — 
Merycopotamus, ii. 286 — Bichodon, ii. 286, 287 ; m. 266, 340, 375 
— Bichobunc, n. 286 — Xiphodon, ii. 286 — Anoplotherium, i. xvii. 
xxxi. ; II. 260, 286; iii. 340, 341, 375, 790 — Mkr other iwm, ii. 286, 
287, 472 — Entelodon, ii. 286 — Hippopotamus, ii. 283, 286, 465, 
466, 470 ; in. 122, 340, 343, 581 — Hexaprotodon, iii. 347 — Hippo- 
hyus, in. 343 — Hyopotamus, iii. 343, 375 — AnthracoiJmrmm, ii. 
286; III. Z^d—Bicotyles, ii. 286, 458, 480, 481 ; iii. 218, 340, 465, 
481, 635 — Chmropotamus, ii. 286; in. 343, 375 — Phacocheerus, 
n. 469; in. 195, 213, 346, 561, 581 — Suides, n. 469; m. 122, 
203, 581—Sus s^rofa, ii. 286, 458, 467, 469, 480,481, 547; ni. 
123, 195, 340, 343, 344, 345, 465 — Bus larvatus, ii. 469, 470 — 
8 . babyroussa, in. 561. 

Order: PERIS 8 OBACTYLA— 11 . 283, 296, 444; iii. 26, 121, 352, 458, 
660, 693 — Coryphodon, n. 284 ; in. 377, 792 — Pliolophus, 11 . 
284 ; III. 341, 343, 375, 377, 792— Hyracothenum, iii. 375, 792 
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Order: PEEISSODAGTYLA-^continued, 

Lophiodon, ii. 284; iii. 377 — Palaotheriumt i. xvii. xxxi, ; n. 
28 i, 309 ; iii. 340, 341, 342, 343, 356, 375, 377, 7S9—PaIoplothe- 
rium, in. 791 — Macraitchenia, ii. 446, 448, 451, 454, 459 — Elas- 
moiherium*, ii.284 — Rhinoceros, ii. 283 ; in. 49, 794— 7?A. indmcs, 

II. 284, 285, 450, 455; iii. 90, 120-122, 143, 260, 340, 342, 356, 
377, 522, 580, 624, 638, 693 — Rh. sondaicus, iii. 624 — Rli, sunia- 
iranus, m. 684 — Rh. Orwdlii; iii. 624 — Rh. Ketloa, in. 624 — Rh. 
tkhorhbws, in. 450, 618; Rh. leptorhinus, in. 450; Rh. mimitus, 

III. 624; AcerotJicriimi incisimm, ii. 286, 455 ; m. 356, 624, 631, 
742 — Hyrax capensis, ii. 284, 285, 446, 450, 455 ; iii. 114, 120, 
121, 12^ 133, 143, 233, 340, 342, 356, 463, 565, 567, 606, 664— 
Ancitherium, ii. 284 ; iii. 792 — Hipparion, i. xxxii. ii. 284, 309 ; 
III. 340, 342, 7^\~Eq^uidcE, ii. 283, 296, 308, 451 ; iii. 534, 593, 
616, 737, 791 — Equus cahallus, i. xxigii. 360; ii. 285, 305, 310, 
447, 451, 153, 456 ; iii. 27, 32, 34, 39, 40, 41, 67, 85, 91, 98, 114, 
120, 121, 123, 195, 212, 232, 340, 343, 352, 355, 391, 403, 458- 
460, 479, 495, 522, 561, 565, 570, 592, 607, 616, 617, 664-667, 

691, 734-736, 778 — Eg. qtiagga, in. ^^%~Eq. zeWra, iii. 448, 
616, 794 — Eq. asmus, in. 142, 448, 565, 616— ii. 283, 
285, 296 ; in. 534 — T. amcrieanns, n. 444, 449, 456 ; ni. 211, 232, 
233, 251, 343, 357, 391, 458, 464, 522, 581, 593, 606, 664, 694, 
736, 794 — T. malayanus, ii. 448; in, 458, 664 — Toxodon, in, 
293 — Ne.sodon, in. 266. 

Order: PROBOSCIDTA—i. xxxviii.; ii. 282, 296, 437; ni. 115, 359, 
457, 660, Q^2-~l)inothcriim, ii. 282, 440; in. 343, 358, 359,378 
— Masiodon, n. 282, 441 ; in. 343, 378 — EUphas, ii. 282, 296, 439 ; 
in. 49, 66, 7e5f 90, 265, 343, 359, 360, 361 -/i'. ufrmums, ii. 438, 
439— i?. indkus, ii. 437, 439, 443; in. 123, 143, 232, 260, 390, 

692, 740 — E. primigcnius, in. 362, 618. 

C. Mutilata, II. 280,296, 299 ; in. 732. 

Order: ;S'/7?/<;xVZ^— ii. 281, 296, 304, 429, 436; in. 24, 75, 189, 194, 
210, 226, 250, 260, 283, 478, 5§l, 579, 580, 619, 660, 692, 732, 
77^—Manatus, n. 373, 429, 432, 433 ; m. 2, 194, 226, 281, 521 
^Hcdwore, i. 361, 363, 365; n. 281, 296, 429, 430, 433, 434- 
436; in. 2, 194, 210, 250, 283, 455, 457, 495, 521, 547, 561, 
579, 589, 607, 660, Q^2--Rhytina^, ii. 430, 432, 433; in. 194, 
250, 521, 607, 092 — 2kuglodon (syn, Sq^ialodon), ii. 424 ; in. 266, 
284, 369. 

Order: CETACEA— a. 280, 296, 298, 307, 311, 313, 416, 422, 429, 436 ; 
III. 1, 18, 24, 65, 75, 91, 115, 146, 148, 149, 158, 168, *94, 205, 
207, 223, 282, 561, 562, 568, 570, .'>78, 580, 611, 618, 641, 658, 
691, 7Sl—Rcd(enid(e,u. 296, 415, 426 ; iii. 119,152, 278, 279, 578, 
587, 588, 589, 590 — Bal<ena Mysticctus, ii. 280, 296, 415, 416, 428, 
429 ; HI. 143, 383, 452, 668, 732— J?. australis, ii. 423, 426— i?. 
longimana, ii. 426, 428 — Baltcnoptera, ii. 418, 419, 426, 428; 
in. 143, 189, 249, 265, 274, 277, 278, 279, 453, 454, 546, 561, 
579, 587, 659 — Physetc)'id(B, ii. 419 — Physeter macroccpfhalus, i. 
262, 363; ii. 415,. 419, 422, 426; in. 231, 363, 6^S—Euphysetes 
simus, n. 416, 426 ; in. 281, 5SS:—Monodo9i, n. 418; in. 265, 279, 
2S0—Ziphms, n. 419, 427, 428; in. 265— Parac^iqAiius, n. 426, 
427 — Hyperoodon, ii. 429; in. 453, 454, 521, 691 — Delphinida, 
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Order: CETACEA — continued. 

n. 419, 424, 427. 429; iii. 119, 162. 194, 204, 224, 225, 279, 665, 
687, ^^%—Delphinus delphis, ii. 417; m. 84, 91, 416, 120, 146, 
266, 281, 282, 536, 691 — D. tursto^ ii. 416, 419, 427, 428 ; iii. 224 
ffriseus, in. 265, 265, 280—2). leucas, ii. 425 ; iii. 281— 
Phoctma communis, n. 418, 424; iii. 75,152, 168, 225, 462, 521, 
636, 554, 587, 691 — Ph.orca, m. 281 — Inia, in. 282 — Platanista, 
XI. 425, 427, 428 ; in. 282. 

Sub-class: Lissencephala, ii. 270. 276, 296; in. 16, 74, 98, 99, 108, 111, 

112, 113, 125, 134, 141, 147, 152, 229, 519, 569, 604, 641, 723. 

Order; BEUTA—n. 278, 296, 393; iii. 19, 110, 193^ 248, 265, 269, 
270, 272, 273, 274, 283, 446, 657, 689, n^^Megatherium, i. xxxii. 
361, 363; ii. 297, 307, 402, 408, 411, 414, 416, 507; ni. 66, 162, 
274, 21ii—Mylodon, ii. 401. 402, 407, 414, 415; iii. 162— 
^Ie^)aIonyx, ii. 411 — Brad y pod uhe, i. 363; ii. 229, 296, 414 — 
Cholcrjms didaetylus, ii. 297, 306, 406, 411, 412; in. 274, 450, 
578, 586, 690 — Ch. Hoffmanni, it. 400 — Bradypiis tridactylifs, 
II. 219, 279, 298, 307, 398, 400, 405, 406, 411,412; iii.^llO, 
484,578,586,690,731 — Dasypodidw, ii. 279, 296; iii. 193 — 
Glyptodon, ii. 297, 393, 395,' 405, 409 ; in. 271, 273— I)a,^ypns 
gigas, ii. 408— D. ii. 393, 394, 404, 408, 409; in. 193, 390, 

400,402, 409, 440, 484, 520, 560, 577,689, 690, 731— J). macnmos, 
in. 565 — D. Q-cinctus, ii. 408; iii. 447, 484, 578, 690 — Priodnn, 
in, 273 , 266 — Euphractus, in. 273 — Cldamyphortts, n. 405, 407, 
409 ; 111 . 209 — Orycteropus, i. 367, 369 ; ii. 279, 376, 395, 404, 
409 ; in. 210, 231, 272, 273, 366, 386, 484, (m— Edentata, n. 278, 
295 — Edentula, 11 . 296 — Manis pcntadaciyla, ii. 279, 396, 403 ; 
III. 447, 022— M. longicaudata, 11 . 404, 409 ; in. 265, 232, 612, 
623 — Myrrnecophaga jitbafa, n. 279, 388, 397, 403, 410 ; in. 20- 
24, 143, 151, 210, ' 231 , 265, 383, 403, 448, 484, 494, 586, 691— 
M. didactyla, n. 398, 410 ; in. 110, 402, 658. 

Order; CHEJIiOPTEEA—n. 278, 296, 387, 392; iii. 1,.74, 90,98, 
109, 18#, 228, 310, 387, 428, 484, 536, 542, 553, 565, 586, 
612, 657, 689, 730, 770—PtGropus, n. 278, 296, 387, 388, 393 ; 
III. 190, 192, 229, 311, 484, 562, 577, 586, 657, 689, 730, 776— 
Besmodus, ni. 190, 192, 311, 313, 429 — Monophyllus, m. 192 — 
Artiheus, in. 192 — PJiyUomjcteris, in. 192, 387 — Phyllostowa, iii. 
310, 387, 613 — Megademia, in. 424, 613 — Bhinolophm, ir. 388 ; 
in. 189, 190, 209, 429, .562, 613 — Nycteris, iii. 387, 613 — Otoops, 
in. 387 — Saccolaimus, iii. 387 — Bhinopoma, in. 387, 429, 613— 
Mormoops, iii. 387 — Chilonycteris, iii. 310 — Boctilio, iii. 387 — 
EmhaJlonwra, in. 638 — Cheiromeles torquatus, in. 634 — Ch. eau- 
datus, III. 634 — Molossus, in. 387 — Plecotus, in. 429 — Vespertilio, 
II. 4, 387 ; HI. 4, 229, 562 — V. murinus, n. 392 ; in. 192, 310, 
429 — V. Qiocttda, in. 74, 228, 730, 731 — V. emarginatus, iii. 730 
— V. serotinus, in. 657 — Saccopteryx, 111 . 613, 638, 

Order: INSECTlVOBA—u. 277, 296, 385-392; in. 17, 90, 109, 147, 
151, 192, 209, 229, 248, 301, 427, 562, 568, 685, 609, 655, 687, 
689, 730 — Talpidce, n. 296 ; in. 98, 152, 304, 310 — TaJpa europcea, 
n. 297, 386 389, 390; in. 17, 98, 147, 152, 246, 303, 304, 399, 
428, 520, 560, 570, 577, 620, 656, 688, 729, 770— T. cara, in. 
246 — Chrysochloris, n. 389, 392; in. 301, 302, 303, 621, 656 — 
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Order: INSECTIVORA — continued, 

Condylura, iii. 209 — Scalops, in. 303, 304 — 8on<Ad<B^ ii. 277, 
296 ; in. 305, 313, 427, 634 — Sorex araneuSf iii. 229 — Hydro- 
sorex fodienSj iii, 229, 306, 427 — H, Hermannif in. 305, 306 — 
Aniphisorex tetragonurus^ n. 389, 390; ni. 305, 306, 427 — 
Solenodon, in. 229, 304, 306, 427, 428 — Tupaia (syn. Glysorea^, 
Cladobates), in. 192, 307, 427, 428, 689 — Rhynchocyon^ ii. 390 ; 
III. 98, 109, 151, 306, 384, 427, 428, 560, 657, m—Peirodornus* 
HI. 307, 384 — Bdeogalet in. 307 — Myogalea (syn. Mygale) mos- 
chatUi III. 304, 637 — MacroscelideSy ii. 385 ; iii. 307, 428, 637 — 
Gymnura, it. 390 ; iii. 308 — Potamogale^ in. 305 — Erinacdda^^ 

II. 296, 390 — Erinaceus ii. 4, 297, 385, 390; m. 18, 

19, 74, 109, 308, 427, 484, 494, 535, 553, 560, 568, 577, 586, 
621, 622, 656, 689, 730, 776, 785 — Erkulus, in. 309 — Echinops^ 
m. %m—CmUtes, ii. 4, 385 ; m. 230, 310, 428, 484, 621, 689, 
*lZ^~Bpal(wotlicnum^ iii. 302, 303, 790. 

Order : RODKNTIA (syn. Glires) — i. xxxviii. ; ii. 276, 296, 364-385 ; 

III. 1, 16, 90, 98, 147, 152, 193, 194, 209, 283, 295, 577, 611, 
686, 724-729, 775, 7S^—Leporid(S,n. 364, 378; iii. ll(f, 192, 231, 
218, 296, 426, 553, 560, 570, 649, 686, 687, 776-~ fApus timidus, 
IT. 300, 364, 367, 379 ; iii. 98, 113, 208, 296, 299, 300, 423, 426, 
•636, 649, 686, 727, 784 — L. paluslriSy ni. 776 — L, cnnicidtiSf 
II. 378; m. 299, 301, 423, 585, 711, 712, 714, 715, 724, 727, 
784 — Lagomys alplmis, ii. 377, 385 ; iii. 296, 299, 650 — HystrU 
cida, II. ZQi ~ Hysirix criataia, it. 269, 364, 372,- 373; in. 110, 
151, 192, 485, 623, 650, 775 — H. alophay ii. 361 — Erdhicon^ iii. 
485, 775 — Ccrcolabes (syn. SyiudJum)^ n. 367 ; ni. 48;% 775 — 
Loncheres, iii. 776 — Dasyprocta, ii. 270, 365, 379 ; in. 192, 423, 
577, 651, 776—Cfdogcr}ys, ii. 371 ; m. 208, 230, 386, 399, 423, 
577, 585, 652, 775 — Hydrochoerus, ii. 369, 377, 380; in. 296, 298, 
387, 686, 775 — Cavid aperea, iii. 398, 776 — C. cohaya (syn. 
gjorcellus), ii. 380 ; iii. 98, 485,652, 727, 775 — DolichoiiSy ii. 377 ; 
ni. 297, 775 — Ilabrocoma, iii. 776 — Capromys Fournier i, ni. 
192, 387, 423, 424, 425, 485, 488, 560, 652, 776—0. prehensilis, 
II. 367 — Cteno7nys, ii. 378 ; in. 250 — MyopotamiiSj iii. 192, 377, 
423, 570, 577, 775 — Lagotis, ii. 365; iii. 230 — Lagostomus^ in. 
299, 560, 686, 687, 776— Ododon, iii. 299, 775, 77 6— Chinchilla, 
II. 370, 385 ; ni. 298, 299 — Echimyidee, iii. 299 — Nclomys, iii. 
775 — Echimys, in. 485, 775 — Amynalnrus, in. 612, 623 — Myoxus, 
II. 4; III. 422, 423, 776 — Sdurida, ii. 383; in. 686 — Sciuriis 
vulgaris, in. 421, 424, 649 — Sc.chureus, ii. 383; in. 421 — Sc. 
palmanm, iii. 775 — Sc. maximus, n. 383; in. 485 — Pteromys 
volucclla, ii. 276, 384 ; iii. 231, 247, 612 — Castor fiber, ii. 364, 
374 ; HI. 98, 110, 635, 649, 686 — C. canadensis, ii. 269; iii. Ill, 
231, 422, 636, 653 — Fiber zibethUms, ii. 375 — Arvicola amphibia, 
II. 381 ; III. 209, 298, 386, 421, 577, 653 — Geomys, iii. 565 — • 
Saccostomus, iii. SSG—Saccomys, iii. 386 — Hipodidee, iii. 248 — • 
Hipus sagitta, ii. 366, 376, 383, 485, 654 — Alactaga, ii. 276 — 
Helamys capensis, n. 365, 376, 382, 383, 485, 520, 577, 634, 636 
— Spalax typhlus, ii. 376 ; iii. 246, 386 — Rathyergus, ii. 381 ; 
in. 231, 246, 265, 269, 296, 399, 422, 424, 560, 565, 687, 776— 
Oryclcrus, iii. 423, 577 — Orycteromys, in. 296 — Otomys, iii. 296 
— Merioncs, ni. 296 — Hapalotis, ii. 365, 382 — Cricctus, in. 386, 
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Order : ItOBENTIA — continued. 

421, 485 — Arctomys^ ii. 382; in. 424, 651 — ^jiC/rmoi)hUus, nr. 
2%Q—Lem}mu% iii. ^%6—Murhhe, ii. 378, 382 ; in. 209, 299, 
570, 655, 686 — Mus rattus^ it. 382 ; in. 420 — M. dectmumus, in. 
209, 230, 421, 485, 493, 776 — M. musoulus, in. 143, 776 — M. 
messorius^ in. 143, 776 — Ilydromys, ii. 365, 366, 382 ; in.. 265, 
300. 

Ceiictic Section : Implacentali a — it. 270 ; in. 715-722. 

Sub-class : Lyencephala— ii. 270, 234, 296 ; in. 98, 101, 111, 125, 131, Ml, 
147, 110, 516, 615, 677. 

Order : MATiSUPIALTA—i. xxxviii. ; ii. 171, 275, 296, 328 ; m. 8, 112, 
162, 227, 285, 411, 517, 581, 645, 680, 718, IQ^-llb—Basyurkhe, 
III. 14— IT. 342, 503; in. 104, 105, 208, 285, 286, 
420, 774 — Baayiirus nrsimis^ ii. 269, 342, 343, 359; in. 98, 104, 
286, 411, 585, GOG—B.macrurus, ii. 360, 361 ; iii. 14, 191, 398, 
412, 420, 565, 576, 606 — B. Maugei, n. 341 — B. viverriitm, iii. 
191, 606, 681 — B. laniariuSf in. 291 — Vh(tscogalc\ in. 286, 411, 
412, 420, 584, 774 — Antechhivs, iii. 104 — Bidcljdiis, ii. 275, 341, 
355, 359, 361 ; iii. 14, 82, 98, 105, 261, 2S8, 77 4r-—B.tdrgmia7i(r, 
II. 332, 331, 343, 353 ; iii. 104, 191, 248, 111, 682, 769, 773 — 
B. Acarfp, in. 721 — B. opossum^ in. 584, 618 — D. ursina, ii. 360 
— B. cancrivora,n. 332 ; in. 289, 385 — B. hrachyura, in. 411, 577 
— D. yhilaudec, in. 191, 420 — B. murina, iii. 104 — B. dorsigera^ 
nr. 681, 682, 771 — Phascolothfrmmy i. xxxi. ; n. 350; in. 790 — 
PvrameJes, ii. 336, 337, 342, 351, 352, 303 ; iii. 13, 16, 191, 208, 
228, 287, 385, 412, 420, 576, 577, 774— P. namfiiy n. 339 ; iii 
288, 420, 513 — P. Gunni% n. 352 ; in. 288 — P. lagotis^ li. 333, 
335, 338, 340, 343, 316, 347, 352, 359, 363 ; in. 14, 228, 584, 
647, 618 — P. obesuldf in. 288, 683 — Choeropus, ii. 351, 354 ; iii. 
13 — Tarsipes, in. 265, 289 — Myrmccohius, n. 335, 336, 312, 343, 
349; 111.287, 288,294,302 —Thylavothcriinnipjn.Amphiiheriiim), 

I. xxxi. ; nr. 287, 294, 302 — Plagiaulax, ii. 350 ; in. 294, 314, 790 
— Thijhcolco, II. 343, 350; in. 293, 294, 790 - Phasco/arctoji, n. 
334, 342, 351, 353, 357, 359 ; nr. 290, 420, 618, 709— Not otJie- 
rinm, ii. 335 ; ni~ 293 — Phalaugisla, n. 328, 329, 330, 331, 332, 
334, 336, 337, 341, 342, 343, 344, 347, 318, 349, 350, 351, 355, 
359, 360, 361 ; in. 8, 290, 70d~Ph. vulpina, ii. 332, 347 ; iii. 
16, 289, 290, 398, 420, 606 —Ph. fuUgwosa, nr. 565, 576—7%. 
iirsiva.vL. 362 ; in.- 290^ — Ph. Coo/iii, n. 331, 345, 352, 355, 362 ; 
in. 289, 290 — Ph. giir'iformk^ n. 355, 3ti9 ; in. 290 — Peiaurus^ 

II. 329-314, 347, 350, 353, 355, 356, 358, 359, 361, 362 ; in. 612, 
770 — P. TagitanvideSy n. 343, 352, 360, 362; iii. 418, 682, 683 — 
P. wacriirKs, ii. 331, 332, 352 — P. scmreiis,j\. 332, 336, 337, 342, 
313, 345, 352 — P. Jlaviventcr^ ii. 336, 345 — P. Bcnneitii, ii. 337, 

338— P. {Acrobat es) pygmmes, ii. 335; in. 290, 336, 338, 340, 
343, 349, 418, 681 — Hypsiprymuiis, ii. 275, 329, 331, 333-336, 

339- 315, 347, 349-351, 354-361 ; in. 105, 290, 291, 648, 769 

—7/. mvrinns, n. 345 ; in. 290, 681—7/. myos^irua, in. 338, 342 
— 77. n. 315 ; in. 420 — H. {Bendrolagvs) ursinuSj n. 332, 

338, 342, 345, 360, 363 ; iii, 191, 290 --77 (P.) inustmy in. 104 
— 77 (P.) dorcocephahi,% ii. 363 ; in. 290, 415, 419 — llahnalurus 
BennettiU n. 345, 358 ; iii. 683 — Macropus, ii. 329-345, 350, 
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Order: MABSUPIALIA — continued, 

355-357, 363 ; iii. Ill, 228, 266, 291— ilf. major, ii. 266, 345, 
349, 354, 359; iii. 105, 291, 411, 413, 414, 420, 446, 560, 576, 
681, 683, 752, 770, 7V2—M. Parryi, m. 415,576, 606, 680, 718 
— M. penicillatus, tit.* 415 — M. rufiventer, iii. 291, 379, 385 — M, 
psilopus. III. 291 — M, Brunii, ii. 345 ; m. 721 — Osphrantcr, iii. 
205 — Biprotodon, ii. 405 ; iii. 291, 293 — Phascolornys, ii. 269, 
328-330, 331, 333-345, 347-356, 358-362, iii. 98, 105, 111, 
292, 313, 420, 648, 682, 769. 

Order: MONOTREMATA—ii, 174, 275, 296, 316-328; in. 168, 226, 
228, 269, 271, •o, 516, 638, 639, 643, 677, 715, Echidna, 
IT. 275, 297, 311, 312, 316-319, 325-328 ; iii. 7, 74, 89, 102, 103, 
128, 147, 151, 193, 208, 228, 265, 383, 385, 396, 397, 409, 610, 
644,767 — Ornithorhynchm, ii. 275, 297, 315, 318-321 ; iii. 2-7, 
82, 100, 102, 103, 146, 150, 187, 193, 208, 226, 248, 260, 265, 
271, 272, 383, 410, 564, 572, 636, 644, 715-717, 760-767. 

Genetic Section : Pneumootoka. 

Cliuss : AVES — i. xxxviii. 6 ; ii. 5-265. 

A. Aethices — ii. 7, 29, 265. 

Order: UAPTOBES-u. 8, 12, 19, 27, 32* 41, 54, 59, 63, 71, 72, 81, 
84, 146, 153, 156, 158, 161, 167, 168, 170, 177, 213, 219, 221, 
232, 258, 26n—Falco, ii. 32, 60, 137, 230, 235, 2i2-~Astur, ii. 
17, 85, 171 — Milvus, ii. 116 — Buteo, ii. 171, 220 — Aquila, i. 25 ; 
II. 12, 21, 32, 36, 53, 72, 76, 77, 80, 119, 122, 158, 171, 176, 
220, 2b^ —Pandmi, ii. 21- — HalUetus, ii. 21, 171 — Harpcia, ii. 
17, 36 — Gypogcranus, ii. 23, 81, 171 — Gyps, n. 17, 35, 40 — 
Vnltur, II. 19, 58, 69, 139, 174, 185, 230 — SarcorampJms, ii. 27, 
81, 221 — Hierax, ii. 27 — Calhartes, ii. 27, 175, 184, 185, 230 — 
Strigidm, ii. 27, 49, 134, 139-141, 143, 171, 214, 22'7—8lrix 
Jlanimea, i. 25 ; ii. 28, 171, 232 — 8, praiicola, ii. 28 — Symiurn, 

11. 175, 184 — Bubo maximus, ii. 140, 242 — Scops, ii. 32 — Sarnia 
ul'ula, II. 67. 

Order : 8CAN80RES — ii. 11, 28, 81, 265 — Bamphastidfs, ii. 12, 67, 1 73 
— Ba/nphastos, ii. 28, 130, 131, 151, 177 — Bucconidcp, ii. 12, 28 
— Cuculidee, ii. 12, 177 — Cuculus, ii. 28, 166, 177, 255, 257 — 
Geococcyx, ii. 34, 36 — Centropus, ii. 32, 75 — Picid(S, ii. 12, 37, 
116 — Picus, II. 19, 28, 58, 60, 152, 155, 178 — Musophngidxe, ii. 

12, 28, 56, 173 — Coryfhaix, ii. 34, 36 — Turacus, ii. 32 — Coliidce, 
IT. 12 — Psittacidee, ii. 12, 55, 78, 81, 119, 173, 177, 224, 258 — • 
Psiilacus, ii. 28, 30, 32,51, 224 — Calyptorhynohus, ii. 21, 28, 50, 
58, 63 — Plyctolophus, ii. 58, 63 — Microglossus, ii. 58 — Macro- 
ccrcus, II. 58, 63 — Strigops, ii. 28, 58 — Nestor, ii. 258 — lAcmetcs, 
IT. 58 — Lathamus, ir. 58 — Pe^oporus, ii. 28, 67. 

Order: VOLlTOBES—ii, 10, 20, 28, 35, 77, 8t, 113, 117, 224, 265— 
Cypsdidee, ii. 11, 21, 74, 96, 117 — Cypsclus, ii. 28, 32, 81, 83, 
lo7-~Trochilid<s, ii. 11, 21, 28, 74, 96, 117, 1^7—Trochilus, ii. 
22, 32, 59, 66, 81, 151 — Orthorhynchiis, it. 147 — Androdon, it. 
2b^ -Furnaria, ii. 224 — CaprimidgidcB, ii. 11 — Caprimxdgus, it. 

52, 55, 83, 147, 156, 178, 221, 2Z2~—Podargus, ii. 28, 34, 51, 

53, 81 — Colopiertcs, ii. 221 — Trogonid(B, ii. 11 — Prionitid<e, ii. 12 
— Meropidee, ii. 1 1 — Mcrops, ii. 256 — Galhulidts, ii. 1 1 — CoracidcB, 
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Order : VOLITOEES — continued, 

II. 11 — Ca^itonidtiBy ii. 11 — Alcedinid<B, ii. 11 — AlcedOy ii. 161, 
221, 256, 257 — Todus^ ii. 28 — Hidcyon^ ii. 256 — Dacdo, ii. 81 — 
Harpactcs, ii. 28 — Bucerotidce^ ii. 11 — Buceros^ ii. 40, 41, 55, 59, 
63, 175 — ColopteruSf ii. 229. 

Order: CANT01tES~\i, 10, 28, 219, 224, 227, 245, ^b%—Thamno- 
phihis, II. 224 — Bentirostres^ ii. 10 — Tyrannus, ii. 233 — Vanya, 
II. 146 — Lanius, ii. 20, 57, 146 — Furnaria, ii. 2'Z^—Bhiledon, ii. 
129 — Troglodytes, ii. 257 — Motacilla, ii. 257 — Euphones, ii. 161, 
166 — Curruca luscinia,n, 224 — Tardus musicns, ii. 11, 237, 246 
— T. pilaris, ii. 153 — Mcrul%dactyloptera, ii. 74 — Qmirostres, 
II. 10, 146 — CMamydcra, ii. —Ttilonorhynchus, 258 — Fara- 
disia, II. 10 — Corvus, ii, 10, 130, 146, 257 — Cl- corax, ii. 222 — 
C. frugilegas, ii. \^^—Frcgilus, ii. 32 — Sturnus, ii. 10, 257 — 
Coracias, ii. 63 — Caryocatactes, ii. 157 — Cracticus, ii. 57 — Em- 
• beriza, ii. \0~Taru^, ii. 10 — Alauda, ii. 10, 257 — Jjoxia, ii. 57, 
1 16, 151 — Cassicus, it. 32, 36~~Fringilla, it. 10, 128 — Fr. ctefebs, 
II. 257 — Pyrgita, ii. 243, 245 — Coccothraustes, ii. ^^—Pyrrhida, 
II. 257, 422 — Tenuirostres, ii. 10, 147- — Anthochtera, ii. 57 — 
Chinyrus, ii. 10 — Bitta, ii. 10 — Ccrthia, ii. 10, 178 — Vpupa, ii. 
178, T^^i^Fissirostres, ii. 10, 147 — Plocens, n. 257 — Hirundo, ii, 
10, 84, 257 — Glaucojris, ii. 129, 171 — Thamnophilus, ii. 224. 

B. Pji^oocEH — ii. 7, 265. 

Order: EASOJiES—n. 10. 22, 26, 29, 67, 75, 81, 130, 150, 156, 161, 
164, 169, 171, 172, 219, 221.— Sub-order : Columbacei— n. 10, 
53, 70, 82, 116, 169, 173, 177, 2f)7~Columha, ii. 10, 32, 49, 58, 
66, 120, 159, 160, 161, 162, US—C, galcaia, ii. 66~Vinago, ii. 
10— Goura, ii. 10, 27, 32, 257— Bidus, n. 12, 13, 48, 49,* 57— 
Pezophaps, ii. 13.— Sub- order : G aelinacki — ii. 10, 27, 32, 159, 
173 — llemipodius, ii. l^2~~-Megapodii(s, ii. 74 — Numida, ii. 150, 
220 — Perdix, ii. 21, 22, 26, 27, 29 — Francolmus, ii. 27 — 
Coturnix, ii. 27 — Callipcpla, ii. 277 — Pavo, it. 27, 74, 81 — 
Polyplcctron, ii. 27 — Lophophorus, ir. 27 — Phasianns, ii. 27, 171, 

257 — Oreophasis, ii. 27, 32, 36, 65 — Gallophasis, ii. 257 — 
GaUus, 11 . 14, 27, 118, 122, 159, 203, 243, 245, 248-254, 259- 

262 Orlyx, ii. 26, 27 — Lophoriyx, ii. 27 — Orfalida, ii. 220 

— Tetrao, ii. 27, 57, 66 — T. urogallits, ii. 57, 129, 257 — Eyr^ 
rhapies, ii. 27, ^0—Pterocles, n. 27, 250— Mdeagris, i. 26 ; ii. 27, 

258 — Crax, ii. 27, 32, 34, 68 — Ourax, 27, 65 — Penelope cristaia, 
II. 171 — P, mirad, ii. 220. 

Order: CURSOEES (syn. Siruthiooiid(e)—n. 12, 20, 51, 85, 118, 134, 
153, 171, 221 — Ehynchotus, ii. 55 — Tinamus, ii. 16, 32, 34, 36, 49, 
53, 05— Apteryx, i. xxxiii. 25; ii. 12, 18-22, 30, 34, 35, 36, 38, 
48-52, 53, 55, 62, 63, 64, 65, 66, 70, 74, 75. 76, 81, 82, 85, 91, 
130, 140, 162, 177, 214, 248, 256, 250— Palaptcryx, n. 12, 82— 
Binornis, i. xxxiii. ; ii. 12, 13, 20, 21, 31, 35, 48-51, 56, 61-66, 
75, 76, 256—Aptomis, ii. 13, 43, 48, 50, 58, 75, 76—aiemiornis, 
11 . 13, 79 — Mpyornis, ii. IS, 256 — Casuarius galeatus, 6, 23, 30, 
55. 59, 64, 66, 101, 162, 173, 177, 206, 232, 235, 243— C. Bcn- 
nettii, ii. 64, 138, 139, 140, 257~Bromaius, ii. 23, 24, 33, 34, 36, 
52, 53, 64, 66, 102, 162, 177, 185, 188, 210, 220, 227, 235, 257— 
Ehea, ii. 19, 23, 35, 49, 52, 54, 64, 66, 161, 257, SUStrulhio, 
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Order : CUES0RE8 — continued. 

II. 6, 12, 13, 16, 18, 21, 22, 24, 29, 33, 35, 43-49, 50, 51, 53, 54, 
64, 73, 80, 81, 83, 96, 98, 99, 101, 102, 103, 104, 113, 133, 139, 
140, 158, 161, 167, 169, 170, 171, 173, 177, 184, 185, 206, 214, 
215, 219, 229, 235, 243, 245, 251, 256„257. 

Order: GRALlATORES—n. 8, 9, 15, 23, 49, 60, 67, 80, 81, 112, 115 
— Oils, IT. 23, 26, 82, 133 — Ch^radrius, ii. 82, 257 — CEdicnemuSy 
II. 26, 82 — VaneMus^ ii. 49, 58 — Ilcsmatopus, ii. 82 — Tachydro- 
7)nis, II. 82— ii. 173, 178 — G. virgo^ ii. 23, 81, 177, 220, 
243 — G. Antlgmic, ii. 23, 81, 220 — G. cinerea, ii. 58, 218, 220 — 
G. ^anJeymius, ii. 220 — Psophia, ii. 21, 23, 32, 67 — Cancroma, 
11 . 61, 148 — Ralc('iiiceps, ii. 61, 148 — Ardea, ii. 22, 39, 147, 163, 
232, 257 — Ciconia, ii. 23 — C. argala, ii. 54, 162, 217, 218, 219, 
229 — C. cdba, ii. 257 — Mycteria^ ii. 147 — Tantalus^ ii. 57 — 
Platalea, ii, 23, 82, 148 — Scolopax, ii. 23, 26, 32, 54, 82 — Nume- 
nms, II. 26, 61 — Rhynchaa australis^ ii. 22i)-~*Li7nosa, ii. 23, 26 — 
Tringa^ ii, 26 — Macheie.% ii. 258 — Ihtanus, ii. 26 — Recurvirostra^ 
n. 61 — Parra, it. 74, 256 — Palaimdea,!!. 74, 232 — Ralhis, ii. 113 
Por 2 diyrio, 11 . 1)7 —'Notornis, 1 . JOLxni. ; ii. 21, 23, 24, 57 — Gal^ 
limda, ii. 113 — Fidica, n. 113 — Glareola, ii. 26 — Brachyptcryx, 

I. xxxiii. ; ii, 24, 26. 

Order; NATATOPES (i^yn. Pahmpedea), u. 8, 9, 24, 29, 61, 67, *75, 
82, 113, 163, 170, 172, 177, 219, 232- -Pbcmicopterus, ii. 9, 16, 
23, 82, 149, 152, 157 — LamdlirodraUB (syn. Anaiida), ii. 9, 26, 
31, 61, 172, 112, 123, 151, 153, 164, 2l8 -~Cygmu% ii. 9, 127, 
128, 136, 139, 140, 148, 151, 161, 164, 165, 187, 212, 220, 
229, 230, 241, 244, 255, 265 — C. atrattis. ii. 241, 2b1 —Cereopsis, 
i\.2bl—An^rp(anstris,i\.\\8, 120, 123, 136, 139, 142, 144, 
148, 152, 161, 178, 181, 193, 206, 209, 216, 220, 221, 229, 245, 
264 — A. gambensis, ii. 74 — Anasfusca, ii. 220 — A. semipalmata, 

II . 220 — A. sanduicen.sis, ii. 257 — A. clangula, ii. 220, 225 — A. 
bosckas, II. 32, 136, 140, 148, 190, 193, 235, 244 — A. moschata, 
II. 230 — A. vulpanser, ii. 257 — A. (Casarca) rutila, ii. 257 — 
A. aponsa, ii. 257 — A. galericulata, ii. 257 — Biziura, ii. 83 — 
Mergtis serrator, ii. 149, 220, 225 — M. merganser, ii. 220 — 
M. cucullatus, II. 257 — Podiceps, ii. 25, 31, 34, 36, 54, 82, 174, 
l8S—7otipalmat(ip, ii. d^Pekcanus, ii. 23, 26, 34, 40, 64, 70, 103, 
148, 153, 183 — PhaJacrocorax carbo, ii. 61, 157, 163 — Sula, ii. 
23, 54, 71, 130, 157, 161, \83~Plotus, ii. 9— Phaeton, ii. 9— 
Tachypeles, ii. 9, 21, 23, 34, 63, 67, 68, 70-72, 75 — Longipmnatce, 
II. 9, 72, 2('yb—I)ionied(ea, ii. 9, 15, 23, 31, 61, 67, 71, 82, 116, 
255 — Haladroma, ii. S2~~Procellaria. ii. 9, 23, 31, 131, 165 — 
Thalassidroma, ii. 21 — Larus, ii. 9, 119, 255 — Lestris, ii. 255 — 
Catamdiactes, ii. 16 — Sterna, ii. 9, 70 — Rhyncops, ii. 9, 57, 147 — 
Brevipennata, ii. 9 — Colymbus, ii. 9, 28, 31, 34, 54, 61, 71, 75, 
78, 82, 113, 178, 190— bna, 19, 25, 31, 34, 36, 57, 82, 83, 257— 
Phaleris, 19, 25 — Fratcrcula, ii. 61, 257 — Alca, ii. 17, 21, 24, 
25, 163 — A. impennis,\\. 21, 25, 41, 56, 58, 71, 214 — Spheniscus, 
II. 256 — Aptenodytes, i. 25; ii. 9, 16, 17, 25, 31, 41, 66, 67, 69, 
156, 180, 214. 

C. Ukoioni. 

Arclicopteryx, ii. 13—/^. Arch, macrurus, 38, 74, 586. 
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Class: EEPTILIA, i. 5, 169, 181, 198, 215, 290, 309, 321, 327, 337, 347, 385, 433, 
448, 463, 468, 600, 501, 505, 616, 527, 530, 537, 550, 563, 565, 579, 614, 616, 
630. 

Sub-class : Monopnoa, i. 7, 9. 

Order: FTKEOSAUHIA, i. xxxviii. 6, 18, 70, 161, 176 — Flcrodactyhis, 
I. xxxviii. 18, 70, 158, 161, 176, 177, 265, 405, 406— ifam- 
phorhynchuSy i. 18, 70 — JDimorphodon, i. 18, 405. 

Order: DIN08AVEIAy i. 18, 70~-Megalosatirus,i. 18, 387, 400, 405— 
Scclidoaaurus, i. 18, 10— Cnrdiodon, i. 387 — IJ^/IfPomiirus, i. 199 
— Iguanodon, i. xxxviii. 18, 387, 403. • 

Order; CEOCOFILIA, i. 17, 6.5, 135, 406, b\0—Am'pMc(xlia, i. xxxviii. 
17 ^ G 9 — Teleosaurusy 1. 17, 198 — Goniopkolis, 1 . 199 — Galcsaurus, 
I. 409 — FaUeosaurua", 405 — Cladeiodon,i. 387 — Opisthoccelia, i. 
17, 69 — Sirrptospondyl'us, i. 17, 34, 69 — Cetiosauriis, i. 69 — 
Froccelia, i. xxxviii. 17, 69 — Crocodilus, i. 25, 135, 173, 188, 190, 
263, 323, 439, 638—6'. acutiis,!. 66, 67, 157, 219, 510— (7. hipnr- 
catus, 1 . 67, 68, 139, 145, 223, 341, 349, 406, 451, 526 - 
Champsa (syn. Alligator palpehrosd), i. 198 — 0. trigonata, i. 198 
— (7. gihhiceps, r. 198 — C. lucixis, i. 66, 67, 70, 138 — C. nigra, i. 
138, 406, 451 — C. missisippiensis, i. 408, 446, 450 — Gavicdis, i. 
406, 451. 

Order: CIIELONTA,i. xxxviii. 16, 60, 126, 171, 184, 231, 295, 385, 

617, 639; ii. 314; m. 313, 522, 579, UO—Chelmie, i. 17,26, 
171, 173, 185— mydas, i. 126, 128, 189, 292, 293, 295, 297, 
313, 323, 328, 331, 340, 348, 440, 442, 444, 445, 453, 525, 

618, 638 — Ch. imlrricata, i. 445 — Ch. caretia, i. 61, 63, 446, 
450, 454, 560 — Ch. planiveps, i. 135 — Ck. pulchriceps, i. 135 — 
Fleurosternon, i. 64 — SjAiargis, 61, 62, 557, 559-561, 618 — 
Chdydra (syii. Chelonura) serpentina, 131, 136, 447, 450, 454, 
525, 560, 561, 687, 618, 638 — C. Temminckii, i. 131, 135 — 
Trionyx, i. 17, 61, 62, 63, 131, 134, 186, 187, 189, 327, 331, 
385, 448, 526, 630, 541, 567, 583, 8\b~Tetromjx, i. 130, 131 - 
Gymnopus, i. 61, 130 — Aspidonectes spinifer, i. 615 — Flatypcltis 
ferox, I. 446, 8\S)-~Chelys, i. 172, 178, 187, 327, 331, 509, 560— 
Kmys, 1 . 17, 61, 64, 127, 130, 134, 187, 454, 639— E. (syn. Cistudo) 
exiropoea, i. 60, 61, 131, 132, 173, 186, 187, 231-242, 322, 339, 
340, 441-445, 447-460, 464, 461, 501, 510, 529, 541, 682, 583, 
587 — E. pkta, i. 618, 639^ — E. serrata, r. 446, 450, 454, 501 — E. 
reticulata, i. 446,450, 454, 601 — E. terrapin, i. 450, 454 — Cistudo 
triunguis, i. 526 — Eannemys, i. 618 — Hydraspis, i. 186 — Fodo- 
cnemys, i. 13.4 — Emyda ceylonensis, i. 657 1 558 — Cryptopus 
Fetersii, i. 657 — Cinosternon, i. 61, 660, 618 — Ftychemys rugo,^a, 
I. 526— Homopus, i. 173— Testudo, i. 17, 61, 64, 157, 174, 186, 
292, 344, 385, 451, 658, 559, 560— T. grt^ca, i. 188, 313, 314, 
340, 445, 462, 459, 509, 629, 592— T. indlca, i. 327, 445, 562— 
T. elephantopus, i. 65, 88, 462, 529— T. tahulata, i. 187, 445, 
629, 541 — T. polyphemus, i. 446, 450, 454, 526 — T. Couei, i. 629. 

Order: LACEETlLIA—i. 17, 57, 164, 175, 387, 399, 508, 525, 531, 
555, 681, 583, 585. — Sub-order: Crata5U1{A: Froiorosaurus, i. 
405. — Sub-order: Natantia — i. 17 — Mosasaurus, i. xxxviii. 157, 
401, 402 — Leiodon, i. 387. — Sub-order: Bepentia — i. 17 — Earn. 
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Order ; OEIi 'CILIA — continued, 

Varanus^ r. 68 — V, niloticus^ i. 155, 174, 190, 191, 339, 386, 
404 — F. bivittatu^j i. 404 — K variegatus^ 404 — Monitor, i. 445, 
638 — Lcgcnia ocdlata, i. 525 — Crocodilurus, i. 556 — ’Cu'pinaynhis 
tegxiexin, i. 401 — Tejus tiigrojpunctatus, i. 156, 158, SSS-Croco- 
difurus, I. 646 — Laceriidce, i. 58, 157, 401— -Laceria, 58, 174, 
292, 401, 433, 579, 633— L. agilis, 401, 629, 592, 617— 
L, ocellata, i. 440, 508, 544, 580 — L. muricata, i. 544, 555, 565, 
667 — L. hilimata, i. 666—Zootoca muralis, i. 6S3, 587, 699 — 
Tachgdromiis, i. 263, 401 — Psammosattru^ griscus, i. 619, 565, 
617 — Chri/nosoma, i. 403, 666 --Tropuhtru.% i. 656 — Ilojyhtrus, 
I. 556 — Sidlio,j. 445, 529 — Ilgperanodon, i. 403 — Ardiacosoynay 
I, 445 — Amiiva, i. 567 — Agama, i. 445, 555, 586 — Lialis, i. 
557 — Tropidolepifi, i. 403 — Ofocrypti^s, i. 402 — X^diosurit^ vclifcr, 
I. 198 — LopJiyrvs Badiisnts, i. 402, 556 — Hutiurtis (syn. Lo- 
phtira), I. 60, 198, 402, 666 —Draco vdans, i. xii. 58, 156, 
175, 264, 268, 433, 434, 441, 445, 449, 451, 556, 680— CJila- 
mgdosaurus, r. 556 — CaUisaurns, i. 403 — Cyclura, i. 198 — 
Caloles, I. 402 — Galioles, i. 445 — Igiiamdce, r. 402 — Iguana, 
I. 57, 157 ; n. 21— ^/. tnhercuhiia, t. 60, 158, 159, 327, 403, 556 
— Mctopoccros, I. 403 — Amhlgrhynchus ater, i. 403 — Semiophorns, 
I. 556 -Polyckrus, i, 525 — Corijthofhanes, i. 556 — Anolm», i. 49 
— GfcJcotidce, i. 263, 529 — Gecko, i. 567 — PLyodactylus fimhriatus, 
1 , 627)~ - PlatydactylK^ giittatiis, i. 449,629 — Pk vitiatun, i. 529 — 
PhylJurtis, i. 556 — Piaturus, i. 554 — Ascal abates, i. 629 — Pygopus 
Icpidopus, I, 667-~Zonurus, i. 555 — Zomsaiirus, i. 665 — Pribo- 
lonotus, I. 565 — 'Crachysaurus, i. 666—Phyne7iocepftnlus (syn. 
Hatteria), i. 57, 154, 159, 8S8—C7ianieleo, i. 58, 156, 175, 178, 
191, 436, 439, 452 -Ch. bifurcus, i. 156, 193 — Sciucida, i. 198, 
388 — Schicus, 1 . 175, 198 — Sc. officinalis, t. 401 — Cyclodus, i. 68 
— C. niger, i. 155, 198, 387, 388, 402 — C, oiigrolufetis, i. 402, 
540^ — Ciliqua scuicdides, t. 198, 527, 580 — Seps, i. 401 — Chalcis, 
I. 626- -Pseudopns, i. 57, 459, 525 — Bipes lepidopiis, i. 625 — 
C%irotes, i. 555- -Ophisaimts, i. 158, 555 — Ayigtcis, i. 69, 158, 
330, 447, 451, 624; ii. 66—A./ragitis,i. 417, 624, 543, 580 — 
Amphishcenidee, i. 59 — Amphhhcena fidiginosa, i. 153, 313 — Am, 
alba, I. 386, 451, 555 — Lepidosternon, i. 120, 153. 

Order: OPlIIDIA—\, 17, 53, 146, 224-231, 261, 291, 338, 348, 393- 
398, 440, 448, 451, 460, 500, 601, 603, 507, 524, 531, 538, 541, 
553, 579, 585, 634-637, 640 — Tort/ix, i. Z96—Typhlops, i. 348 

- Rhinophis, i. 348 — Boidee, i. 338 — Boa, i. 528, 539, 640, 554 

- B. constrictor, i. 66, 291, 617 — Python, i. 60, 148, 225, 292, 
451, J 59, 520, 664~P,tigris, i. 56, 147, 224, 228, 316, 338, 394, 
453, 619, 524, 539, 554, 665 — P. ScMegelU, i, 555 — P, amethysti- 
nus, I. 558, 565 — P. bivittatus, i. 617 — Eryx jaculus, i. 654 — 
Xenodermus, i. 554 — Coluhridee, i. 395, 463 — Oligodon bitor- 
quatus, I. 396 — Deirodon (syn. Rachiodon) scaher, i. 56, 67, 393, 
440 — Dendrophis, i. 261 — Psammophis, i, 446, 450 — Coluber, i, 
447 — O. guttatus, i. 446, 450 — C, constrictor, i. 446, 450 — 
Etaphis 4-line4iius, i. 680^Dipsadida, i. 338 — Dipsas cynodon, 
I. 396-f:Passerita, i. 327 — Dryinus nasutus, i. 395 — Bryophis, i, 
327, 338 — Bucephalus capensis, i. 395 — Natricidee, i. 394, 655 — 
Nalrix torquaia, i. 520, 524, 539, 555, 692, 616, 634, C35— 

3 I 2 
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Order : OPHIDIA — continued. 

Heterodon niger, i. 446 — Homalopsis, i. 395 — Herpcton terda- 
culatum, I. 327, 555 — Bispholidus, i. 451 — IIydrojihid(B, i. 564 
— Hgdrophisy i. 307, 397, 444, 563 — Pelamys, i. 448, 654 — 
Naiidce, i. 56, 555 — Pungarus^ i. 554 — Naia^ i. 225, 231 — N, trU 
pudians, i. 54, 397, 524, 555 — ViperidtBf i. 524, 616 — Vipera 
berus, i. 338, 397, 663, 586, 616, 636, 637— F. cerastes, i. 554, 599 
— V. {Kchidmi) arietans, i. 524 — Crotalidee, i. 55, 152, 225, 554 — 
Trigonocephalus, i. 398, 555 — Crotalus horridus, i. 56, 394, 395, 
398, 441, 555 — O. adamanteus, i. 446, 450, 454 — Cr. durissus, 
I. 227, 228, 229, 639. 

Ord^r: ANOMOI>ONTIA,i. 16 — Bicynodoniidm, 1 . 16 — I)icynodon,\. 159, 
160, 399 —D. tigriceps^ i. 192 — Ptychognathus, i. 400 — Crypto- 
dontid(C, i. 16 — Oudenodon, i. 385, 400 — Phynchosaurus, i. 385, 
400. 

Order : SAUPOPTKPYGJA, i. xxxviii. 16, 51, 388 — Ptesiosaurus, 1 . 16, 
51, 52, 181, 330, 388 Polyptychodon, i. xxxviii. 387 — Pliosauras, 
I. xxxviii. 16, 53, 171, 387 — Sphenosaurus, i. 53- -Pot Jwsaurns, 
T. 16, 53, 182 — Placodus, i. 16, 387 — Tanyslropheus, i. 53. 

Order: 1C HTIIYO PTERYGIA, i. xxxviii. 15, 50, 158, 170, 388— 
Ichthyosaurus, i. 16, 158, 170, 171, 181, 330, 339, 364 ; iii. 281— 
Ich. communis, i. 50 — Ich. tenuirostris, i. 159. 

Genetic Section : B n A. n c ii o o t o c a . 

Sub-class : Dipnoa — i. 7, 8. 

Order : RATIUCIIIA—i. 1 5, 46, 85, 171, 501, 512, 550, 552, 576, 579, 583, 
591, 596, 619— Sub-order : THEjaoMOKPiiA (syn. Anoura) — i. 15, 
533, 629 — Aglossa, i. 16 — Pipuhe, i. 327 — Pqya, i. 15, 34, 46,49, 
50, 183, 181, 327, 330, 337, .347, 523, 528, 551, 628~Dac- 
iylethra, i. 392, 527, 551 — I). MiUleri, i. 551 — Ceratophrys cor- 
nuta, I. 392, 459, 551— Bomhinat or igneus, i. 527, 567, 591 — 
Rhinophrynvs, i. 436 — Kalophrynus, i. 552 — Bvj'onidce, i. 15 — 
Bufo, 1 . 177, 183, 614, 626— B. vulgaris, i. 50, 528, 553, 024— 
B. agna, i. 184, 552 — B. cmereus, i. 527 — B. tuherosus, i. 551 — 
B. asper, i. 551 — B. calamita, i. 552, 629 — Hylidce, i. 15 — Ilyla, 
1 . 262, 327, 434, 436—//. verrucosa, i. 527, 628, 558 — Kotolrema 
marsKpiatmn, i. 551, 588, 606 — Opisthodclphis ovifera, i. 515, 
551, 588, 6\6—Eucn€mis, i. 392 — Platymantis plicifera, i. 552 — 
Polypedates^ i. 435, 454, 458, 502, 513, 516, 518, 623, 627, 538, 
652, 553, 567, 677, 579, 685, 591, 592, 615, 619-624, 629, 640 
— Elosia, I. 436 — Hylorana, i. 552 — Banina, i. 15—Cystignaihus 
pachypus, i, 50—Pelohates fuscus, i. 591, 592 — Alytes, i. 553 — 
Al. obsieiricans, i. 597, 616, 622 — Uperoleia, i. 392, 552 — Rana 
iemporaria, i. 15, 49, 86, 89, 157, 183, 316, 319, 337, 3#, 435 
—R. catesbUma, i. 446, 450, 454 — R. esculenta, i. 47, 622— R. 
boans,!. ^6 — Biscoglossus, i. 392 — Leptobrachium, i. 392 — Oxy- 
glosstis, I. 392, 436 — My obairachus paradoxus, i. 91, 386, 392, 629, 
— Sub-order: Ichthyomobpha (Urodela) —i. 15, 89, 215 — 8ala- 
7 nandrid(e, i. 15, 182 — Salamandra maculosa, i. 15, 49, 182, 215- 
222, 621, 652, 584, 585, 614 — Sal. atra,i. 49, 216-218, 337, 458, 
462, 502, 606, 507, 615, 616, 52^~8al.japonica (syn. ungiii- 
culata), I. 561, 615 — 8. glutinosa, i. 386 — Triton, i. 15. 48, 290, 
337, 434, 502, 507, 513, 514, 518, 621, 538, 566, 591, 614, 625- 
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Order ; BA TRACIII A -continued. 

628 — cristcUus, i. 615, 616, 629 — TV. marmoratus, i. 566 — 
TV. tmiiatus^ i. fy'jB—Lissotriionpunctatus, i. 697, 616 — Am- 
by stoma ^ i. 552 — PlethodoUj i. 652 — Plestiodony i. 551 — Bleu- 
rodeles, i. 49 — Suholdiuy i. 576, 577 — Menojpovia (syn. Crypto- 
branchus)y i. 48, 89, 170, 390, 440, 446, 451, 453, 506, 515-517, 
527, 537, 565, 576 — Amphiumay i. xxxii. 5, 163, 170, 182, 830, 
451, 453, 506, 515, 516, 527 ; m, \Q\—Menobranchu8y i. 88, 453, 
506, 514, blQ^-Axolotcs {nyn. Sircdon\ i. 87, 606y 514, 527, 552, 
583 — Ax. marmoraiusy i. 87, 170, 347 — ProteuSy i. xxxii. 170, 
181, 182, 330, 337, 347, 506, 514-516, 565, bIQ—Sireny i. 5, 
47, 179, 391, 448, 451, 501, 506, 514, 515, 527, 537, 513, 552, 565, 
5 8 3. —Sub -order : Ophiomokpha — i. 15, 49 — Caciliay i, 15, 50, 
444, 449, 516, 551 — C. albiventiry i. 453 — C. inierriqAay i. 453. 

Order: LABYlilNTHOBONlPA-^i. xxxviii. 6, 14 — Rho?nbop/ioliSy r, 
\b—Lahyrinthodon salamaoidroHdcSy i. 363, 366 — L. leptognathuSy 
I. 392, 393. 

Order: GANOCEPIIALA — i. xxxviii. 6, 14, 85 — Archegosaurus, i. 158. 

Class: PISCES— I. xxxviii. 1, 34, 76-84, 92, 125, 163, 179, 193, 202, 243, 253, 268, 
297. 320, 331, 342, 350, 368, 109, 428, 456, 463-499, 533, 546, 568-575, 592, 
599-613. 

Order: PBOTOPTEBI—j. 14, 46, 82, Z^b—Protopf crus annectens yi. 
xxxii. 37, 41, 47, 108, 162, 181, 277, 282-285, 413, 415, 417, 
451, 474, 475, 477, 482, 485, 486, 491, 498, 610 ; n. 302, 306; 
III, 163, 165 —Lepidosiren paradoxoy i. 5, 37, 38, 82, 83, 107, 163, 
105, 249, 277-280, 282-285, 290, 298, 370, 378, 383, 385, 391, 
415, 417, 425, 448, 451, 481, 494, 499. 

Sub-class : Pilagiostomi — i. 7, 8, 253, 255. 

Order: CHONDROPTEIil — i. 13, 41— Sub-order: Batidrs — i. x. 13, 
381 — Cephalopterid<gy i. 13 — Cephalopierus, i. 474 — Mylio- 
hatid^y I. \Z—Myliobatisy i. 13, 81, 369, 370, 373, 375, 378, 474 ; 
III. 273 — Cydobatis oligodaciylusy i. 181 — Mtobatis, i. 418 — Try- 
gonidcBy i. IZ—Trygoity i. 194, 474 — EdcsteSy i. 194 — RaiidWy 1. 13 
— Raia batis, i. 80, 201, 271, 299, 302, 319, 474, 549, 564, 598— 
R. clavata, i. 36, 271 — R. maculata, i. 575 — R. oxyrgnehuSy i. 590 
— Rhinopterdy i. 82 — Spinachorhinusy i. 36 — Torpedinidcpy i. 13 
— Torpedo Galvajiiiy i. 350, 415, 474 — T. narccy i. 213, 325, 590, 
591 — T. marmoratay i. 593 — RarcinCy i. 78 — RkmobatidtCy i. 13 — 
RhinohateSy i. 36, 169, Yl^—Pristid(ey i, \Z-~PristiSy i. 81, 252, 
329, 373, 378, 383, 426, 427, 611— Sub-order : SBLAcnii— 1 . 13— 
ZygcBnidrCy i. 13, 336 — ZygeenUy i. 36, 81, 336, 423, 426, 427, 609 
— Squatinid(ey i. 15 — Squatintty i. 33, 36, 76-78, 81, 82, 474 — 
Bcymniid(By i. 13 — ScynmiiSy i. 35, 373, 474 — Sc. lichiay i. 78 — 
Sc.nicceensiSy i. 590 — AlopicidcByi. 13 — LamnidcCy i. 13 — LamnOy 
I. 33, 204, 361, 372, 377, 382, 423, 474, 490— L. cornuhicay i. 33, 
Zm—Selache maximay i. 33, 273, 334, 415, 417, 423, 426, 534, 
570, 611 — Prionodonyi. 377, 378 — NictitanfeSy 1. 13, 336 — GaleuSy 
i. 33, 35, 334, 336, 423, 426, 427, 474, 536, bib— Scot iodoUy i. 422, 
575 — Galeocerdoy i. 422 — OtoduSy i. 372 — CarchariaSy i. 33, 35, 39, 
80, 81, 273, 276, 283, 372, 422, 474 — Carcharodon megaiodony i, 
ZnScylliidcBy i. 13, 423— i. 32, 36, 325, 474, 576, 
590, 609, 610 — Sc. canietday i. 598, 610 — SpinacidcBy 1. 13, 423— 
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OkIct: CHONDROPTEUI— continued. 

Acanthias, i. 32, 35, 474, 486 — Spinax^ i. 413, 423, 570, 590, 610 
— 8p. acanthias^ i. 168, 415, 573 — Alopias^ i. 39, 422, 423, 474, 
610 — Ccntrina, i. 35 — Centrophorus, i. 474 — ’NoUdanida^ i. 13 - 
Notidanu.^ cinereus^ i. 32, 35, 373, 598 — Mustelus^ i. 35, 474, 486 
— M. leviSj I. 575, 610 — Ilexanchus, i. 474 — Heptanchus, i. 39 • 
474 — ThalassorhimiSj i. 422. — Sub-order: Cestkophoui — i. 13 — 
Fam. Cesiraciontida^ i. 13 — Ccstracion Philippi, i. 79, 378, 384, 
398 — Fam. Hyhodontidce, i. 13 — Hyhodus, i. 7i!^%-^Ctenodus, i. 
369, Z^^—Ceratodus, i. 369, 385 — Petalodus, i. 371 — Psaimnodus, 
I. 378 — Aorodus, i. 378. 

Order: HOLOCEPHALI—i. 12, 35, ^l—Chim(Brid(B, i. 13, 293— az- 
mcBra momtrosa, i. 32, 35, 276, 301,'_378, 489, 590 — Callorhyn- 
chus australis, i. 598. 

Sub-class : Teleostomi — i. 7, 572. 

Order: GANOlDEI—i. xxrii. 12, 41. — Sub-order: Placoganoidei — 
I. xxxviii. 12 — Ostracostei, i. 12 — Coccosteus, i. 196, 197, 247 — 
Pterichihys, i. 12, 197 — Cephalaspis, i. 197 — Sturionidee,!. 12, 41, 
246, 478 — Acipenser sturio, i. 12, 32, 34, 74, 196, 274, 411, 415, 
474, 468 — A. hrevirostHs, i. 196 — A. seypha, i. 196 — Planirostra 
(syn. S'patufaria) spatula, i. 75, 41 0, 411, 415, 416, 421, 482, 486. 
— Sub-order : Lepidooanoidei — 1 . 12 — JJoloptychidce, 1 . 12 — Den- 
drodus, r. 367, 368, 378 — Holopiychitis, i. 378 — Bhizodus (pro- 
bably a Ganocephale), i. 378 — Calacanihi, i. 12 — Macropoma, i. 
424 — Gyrosteus, i. 24 — Boihriolepis, i. 378 — PipteridcB, i. 12 — 
Pipterus, i. 12 — Acanthodei, i. 12 — Acanthodcs, i. 12 — Leptole- 
pidee, T. 12, \^Z^Lep>t oleins, i. 12 — Lepidoidei,i, 12 — Papedivs,j. 
12 — Lepidotus, I. 247 — Amhlypterus, 1 . 196 — Megalichthys, i. 378, 
424 — Pycnodontidee,!. 12, Zl^ —Pycnodus, 1 . 12 — Microdus, i. 248 
— Salamandroidei, i. 12, 111 — Lepidosteus, i. 33, 108, 195, 247, 
275, 378, 485, 499, 548, 549 — L. oxyimis, i. 378 — L.plafyrhimis, 

I. 348 — Polypterus, i. xxvii. 37-39, 43, 44, 107, 108, 111, 118, 
120, 129, 156, 162, 167, 195-197, 247, 417, 422, 427, 480, 491, 
494, 499, 500, 549 — Sudis {syn. Arapaima) gigas, i. 41, 118, 120, 
123, 247, 372— i. 37, 38, 108, 247, 422, 474, 492. 

Order: LOPHOBBANCHIl — i. 12, 149 — Syngnathida, i. 12 — Syngna- 
thus, I. 39, 195, 421, 569, 576 — 8. acus, i. 613 — 8. ophidion, i. 
614 — Bippocampidm, 1 . 12 — Hippocampus, i. 614 — Pegasus draco, 

I. 195. 

Order: PLECTOGNATIII- — i. 11. — Sub-order: Apleuri — i. 11 — Os- 
traciontidee, i. 11 — Ostracion, i. 26, 212, 421 — GymnodontidcB, i. 
11 — Orthagoriscus, 1 . 212, 271, 33L 334-336, 422, 480, 536 — 
Tetrodon, i. 41, 42, 43, 83, 272, 350, 415, 481, ^^X—Biodon, i. 
109, 118, 124, 198, 272, 306, 378, 415, 478,481, 491— Sub- 
order : ScLKRODERMi— I. W—BalisUni, i. 11, M*l~Balistes, i. 
107, 193, 194, 306, 377, 382, 378, 421. 

Order: ACANTHOPTEBI~i. 10, 11, 112, m—Lophiid(S, i. 11— 
Lophius piscatorius, i. 39, 119, 124, 166, 180, 196, 209, 374, 376, 
378, 381, 383, 417, 421, 472, 478, 481, 493, 536, 567, 572, 612 
—Antennarius, i. 430, 477, 480, 6e7—Batrachus, i. 164, 630, 
481, ^S9—Malth(ea, i. 326, 430, i. 326, 478— 
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Order: ACANTIIOPTEIil—continued. 

Blenniida, i. 11, 699 — BlenniuSy i. 276, 298, 302, 595 — Salariasj 
I. 599 — Zoarces, i. 646, 574, 600 — Anarrhichas lupus, i. 376, 421, 
457 — Gobiidce, i. 14 — Gobius^ i. 614 — Periophthalmus, i. 275 — 
Callionymus, i. 612 — Discoboli, i, 114 — Cyclopterus lumpus, i. 180, 
284, 298, 306, 421, 534, 536, 569, 612—^7. liparis, i. 481— 
Lepadogaster, i. 484 — Gobiesox, i. 480 — Cotylis, i. 481 — Fislic- 
lariid(B, i. 13, 41 — Centriscus, i. 164, 193, 421 — C. scolopax, i. 
164, 193 — G. Jmnterosus, i. 194 — Aulostamus fistularia, i. 107i 
109, 124 — TlwutididxB, i. 11 — Acanthurus, i. 377 — Prialon, 
I. 372, 377, 378 — Naseus, Sigamus, i. 164 — Naseus unicornis, 
I. 114 — Lepidopus, i. xxxiii. — Lepidopus argenteus, i. 180, 426 
—-Thyrsites, i. 612 — Gempylus, r. xxxiii., 612 — Trichiurus, i. 
xxxiii. 370 — Tcenioidei, i. 11 — Gyonnetrus, i. 493 — Trachy- 
pterus, I. 417, 493 — Sclerogenida, i. 11, 123, 166 — Trigla, i. 271, 
284, 298, 326, ^21— Tr, Lyra, i. 101, 426, 430, 478*, 669— TV. 
cucidus, I. 491 — TV. hirundo, i. 491, A%"l—Dactyloptcrus (ayn. 
Gephalacanthus), i. 119, 167, 257, 271, 491, 612 — Coitus, i. 168, 
284, 298, 302, 415, 421, 430, 448, 480, ^m—Platyceplialus, i. 43 
— Prionotus, i. 491 — Sehastes, i. 427, 480 — Apistes, i. 480 — 
Scorpfpna, i. 430, 480 — Sc. scrofa, i. 473 — Gasterosteus, i. 193, 
298, 421, 594, 596, 599, 601, QIA—Scomheridee, i, 11, 254— 
Scomber scombrus, i. 204, 297, 306, 418, 421, 542 — Sc. trachinus, 

I. 283 — Thynnus mUgaris, i. 38, 43, 107, 468, 490, 548 — Nan- 
craies,\. 612 — Echcneis remora, i. 196, 211, 274, 298, 377, 426, 
612 — Anxis Cyhium, i. 490, 493 — Lichia, Caraux, Vomer, i. 
xxxiii. — Argyreiosus setipinnis, i. 44 — A. vomer, i. 108, 116, 154 
— Zeus, T. 119, 480 — Lampris, i. 166 — Lactarius delicatulus, i. 
492 — Stromateus, i. x’xxii., 612 — Sir. fiatola, i. 415, 612 — 
Coryphcma (syn. Lampugus), i. 611 — Xiphias, i. 38, 107* 118, 
179, 252, 332, 334, 420, 427, 479; ii. ^^—Histiophorus, i. 114 
— SpJttjrcenidcP, i. 11 — Sphyrcetia, i. 372, 375, 377, 378, 382, 426, 

491 — Atherinidce, i. 11 — Mugilidce, i. 11, 410 — Mugil, i. 37, 166, 
418 — M. labrostis, i. 410 — M. cephalus, i. 650 — Atherina pres- 
byter, I. 425 — Tetragonurus, i. 415 — Mullus, i. 283, 300 — 
Vpeneus, i. 120, 306, 427 — Lahyrinthohranchii, i. 5, 11 — Tri- 
chogaster, i. ^2Q—Anabas, i. 11, 478, 487 — Ophiocephalus,!. 491 
— Helostomus, i. 373 — Osphromenus, i. 326 — ScUsnidce, i. 11 — 
Scicena, i. 421, 427, 492— Comwa, i. 426, 492 — C. irispinosa, i. 

492 — Micropogon, i. 491 — Johnius lobatus, i. 418, 490 — Sparidce, 

T. 11, 421 — Chrysophris, i. 382 — Sparus {Epibidus) insidiator, i. 
119, 122, 250 — Pagrus, i. 612 — Cantharus vulgaris, i. 491 — Box, i, 
415 — B. vulgaris, i. 421 — B. salpa, i. 421 — Sargus, i. 21, 283, 
390, 377, 382, 417 — Boops, i. 371 — Ilaplodactylus, i. 371 — 
— Lethrmus atlaniicus, i. 491 — Prisiipomatidce, i. 415 — Mcenidce, 

I. 119 — Mcena, i. 491 — Conodon antUlanus, i. 491 — Casio, i. 
415 — Smarts, i. 491 — Squamipinnes, i. 11 — Chatodon, i. 11, 
370 — Ephippus, i. 108, 110, 111, 343, 612 — Psettu8,\. xxxiii. 
— Platax, I. 39, 371, 612 — Dules maculatue, i. 491 — Per- 
cida, I. 11, 378 — Perea, i. 11, 43, 107 — P> fluviatUis, i, 
94, 105, 106, 109, 125, 202, 205-211, 277, 278, 297, 304- 
306, 336, 342, 369, 416, 430, 432, 467, 472, 571, 690^Lates 
9iiloticus, I. 426 — Bates nobilis, i. 427 — Lahrax lupus, i. 428 — 
Anthias, i. 612 — Lucioperca sandra, i. 283, 297, 305, 416— 
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Order: ACANTHOPTEUI— continued. 

Cmtropr intis gifjas, i. 20-4 — Acerma, i. \W—lhJyprmn, i. 
108t 120 — Nandtt^i i. 489 — Holocentrum orientate, i. 425 — H, 
hastaium, i. 425— H. Sogho, i. 426, 438 — Myripristis, i. 331 
— Beryx IVachinidce, i. 493 — Trachimis draco, i. 283 — Trichodon, 
I. 377 — Percis, i. 493 — Uranoscopus, i. 119, 326, 331 — Sit- 
Inyo I. 491 — Percophis, i. 493 — Elcginus, i. 493 — Polyncmus, 
I. 271, 326, 493— Sub-order ; Phauyngoonathi — i. 11, 120 — 
Ctcnolahridep, i. li, 329 —Heliastes insolalus, i. 491 — Glyphiso- 
don, I. 41 — Gl. saxatilis, i. 420 — Pomaccntrus, i. 11 — Cyclo- 
lahridfp, I. 11— Lahrns, i. 363, 370-372, 375, 377, 410, 421, 
612 — L. t Urdus, i. 426 — Cossyphus, t. 371 — Scariun, i. 34, 166, 
369-372, 377, 378, 382 —CoWcz;**, i. 119 — Crenilahrus, i. 374, 
410 — Julis, I. 410 — Chdlinus, i. 120 — Clieerops, i. 410 — Chro- 
niidte, i. 11 — Chromis, i. 11 — Ilolconoti, i. 614. 

Order: ANACANTHfNI—i. 10 — Pleuronectidcp, i. 10, 109, 110, 112, 
275, 331, 331, 569, f)7^Pleuronectes, i. 10, 421, 468— P/. .<iolca, 
I. 45, 278, 540- 7*7. platessa, i. 46, 278, 431, 432, [m—Bhondnts 
maximus, i. 42, 278, 427, 430 — Eh. xanthurus, i. 415 — Cithari- 
nus, I. 116, 370 — Hippoghmus vulgaris, i. 42, 110, 112, 115, 
297, 2d^—Buglossus, i. xxxiii. — Achirus, i. xxxiii. — Monochir, i. 
xxxiii. — Bynapiura, i. xxxiii. — Solcotalpa, i. xxxiii. — Gadidcp, i. 
10, 163, 425, 430, W^—Gadus, i. 43, 297, 421, 432, 468, 
481, 489, 492 — G. (pglefinus, i. 40 — G. navaga, i. 38, 492 — G, 
callarias, i. 483 — Morrhiia vtdgaris, i. 73, 93, 95-100, 107, 109- 
113, 115, 117-121, 123-126,164-166,179, 271-274,276,278- 
280, 282, 284, 298, 301-303, 305, 306, 308, 309, 421, 480, 
495, 569 — Phycis, i: 180 — Merluccius, i. 300, 514, 572 — Lota, i. 
297 — Mcrlangus vtdgaris, i. 428, 431 — Eaniccps trifurcatus, i. 
180 — Ammodytes, i. 417, 426, 468, 547 — A?n. tohianus, i. 468, 
543, 568. 

Order: MALACOPTEEI—i. 9 — Sub-order: Ophtdiiu^, i. 10 — Ophi- 
dium, 1 . 10 — O. harbatum, i. 43 — Sub-order: Pharyngognatiii, 
I. 10 — Scot Jibe resox, i. 10 — Belone, i. 21, 283, 297, 306, 432, 468— 
Exoccetus, I. 167, 257, 271, 377, 413 — Sub-order: Abdominales, 
I. 10 — Alepisaiirus, i. 10 — SUuridxe, i. 193, 248, 299, 325, 421, 
^2i}~Silurus, i. 166, 167, 335, 371— /Sf. glanis, i. 369, 457, 
468, 489 — Amphipnous Cuchia, i. 481, 487 — Saccobranchus, 
I. 488 — Hcterobranchus, i. 108, 487 — Malapterurus eleciricus, 
I. 350, 355, 496 — M. beninensis, i. 350 — Arius, i. 491 — A, 
g agora, i. 491, 500 — Bagrus Jilamentosus, i. 491, 492 — Lori- 
caria, i. 38, 41, 42, Pimelodus, i. 247, 335, 374, 427, 

491 — Pangasius, i. 491 — Ilypostoma, i. 493 — Ehinclcpis, i. 
493 — Synodontis, i. 108, 335 — Auvhenipterus furcatus, i. 491, 
A^Q—Callkhthys, i. 108, 290, Ql^—Cyprinidte, i. 10, 43, 410, 
417, 489 — Cyprinus carpio, i. 104, 116, 275, 286, 297, 345 — 
Tinea, I. 297, 370, 488, m2 -Leuciscus cyprinus, i. 275, 286, 302 
— Labeobarbus, i. 410 — Bra'ina (syn. Ahramis), i. 297, 432, 589, 
^12— Cobitis, I. 279, 297, 302, 335, 417; ii. 303— a barbatula, 
I. 345, 500, 547 — C.fossilis, i. 491, 590 — Cyprinodontidee, i. 10 
•—Cyprinodon, i. l^—Anableps, i. 373, 421— i. 373— 
Mormyrida^ i. 10 — Momnyrus, i. 10, 118 — M, longipinnis, i. 
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Order: MALACOPTEEI—continued. 

350, 355, 416, 417, 488— il/. oxyrhjnchus, i. 350—3/. dorsalis, 
T, 350—3/. Petersii, i. ilO—Gymnarchus niloticiis, i. 350— 
Esocid/e, I. ]0—Esox lucws, i. 10, 37, 297, 310, 381, 421, 468, 
489, 547, 595, M--Galaxid<B, i. \Q~ Characmdtr, i. 10— 
Erythrinns, t. 116, 120— E. sa/vns, i. i92—E. immtus, i. 492, 
idi~MyJeks, t. 00d—IIydrocyo7i, i. WO—CotyUs, i. 481— 
pidida, j. 10— tom*, i. lO—SalmonidcB, i. 10, 37, 114, 180, 254, 
m-Salrno, I. 38, 44, 179, 297, 306, 421, 432, 468, 481, 547, 
592, salar, i. 179, 333, 429, 612, 613—^. criox, i. 44, 

165, 180 — S.fario, 1 . 179, 614 — Epcrhims, i, 20^~~Thymalhi.% i. 
iZ—Mallotm, i,000—Clnpeida, i. 10, 272-- i. 38, 297, 
306, 421, \0'^—C.Mrmgns, i. 43, 283, 420, 432—6' sprattus, 
I. 283, i'i0~Alosa vulgaris, i. 481, 569 — C. pilchardus, i. 431 
—EIops, I. \2l)—Hetcropi/gii, i. 10 — AmUyopsis, i. xxxlil. 10 — 
A. spdm, I. 275, 277, 284, 287, 298, 299, 331, 424; iii. 98.— 
Sub-order: Apodes— i. 10— Gy mnotidce, i. 10, 170—Gymmti(s, 
I. 43, 211, 350, 409, 489— ^r. ekctricus, i. 352-354, 356, 357, 
i0l,660—G.cquilabktius, lAOl—Murmide, i. 10,41, 118, 315, 
Ul—Miiram, r. 122, 370, 421, 489; ii. 65—3/ hekm, i. 45, 
IVH—Muranophis, i. 125, 478, iHO— Anguilla, i. 10, 124, 275, 
284, 298, 468, 495, M— Conger vulgaris, i. iZ -Apferu'hthys 
cmis, I. ZZl—Sphagehranchis, j. 47S—L(ptoc(pk(lus, i. 611— 
SynhrancUda, i. \0—Monoptcrus, i. 481, iZO^Synbranchus, i, 
116, 478, 482, 486. 

Sub-class: Dermopteri— i. 7, 31, 271. 

Order : CYCLOBTOMI—i. 9, 2\\—Peiromyzon (syn. Ammoccetcs), t. 7, 

9, 32, 72, 114, 212, 328, 412, 425, 471, 475, 534, 536, 568, 571, 
590, On—Myxine, i. 9, 31, 299, 369, 468, 471, 476, 598— 
Bdellosioma hptatrma, i. 468, 471, 475, 477, 535. 

Order : GIBROSTOMI—i, 9 — Branchiostoma (syn. Ampkioxus), i. 3, 
9, 26, 31, 71, 269, 270, 328, 413, 414, 513, 611. 
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A BDOMINALES, character of, i. 1 0 
Abramis. See Brama 
Absorbent system of Aves, ii. 178 
Pishes, i. 455 
Ilsematoerya, i. 455 
Mammalia, iii. 504 
Eeptiles, i. 458 
Acaiithias, gills of, i. 486 
heart, i. 474 

vertebral column, i. 32, 35 
Acaiithini, characters of, i. 10 
Acanthodoi, characters of, i. 12 
Acanthodes, characters of, i. 12 
Acanthopteri, characters of, i. 10, 11 
dermoskoloton, i. 193 
skull, i. 112 

Acanthurus, teeth of, i. 377 
Acerina, pyloric appendage and pancreas 
of, i. 430 

Acerotherium incisivum, characters of, ii. 286 
bones of limbs, ii. 455 
development, iii. 742 
horns, iii. 624, 631 
teeth, iii. 356 

Acetabulum in Man, ii. 574 
Achirus, characters of, i. xxxiii 
Acipenser brovirostris, dermoskeleton of, 
i. 196 

Acipenser scypha, dermoskeleton of, i. 196 
Acipenser sturio, characters of, i. 12 
alimentary canal, i. 411, 415 
dermoskeleton, i. 196 
heart, i. 474 
myelcncophalon, i. 274 
skull, i. 74 
veins, i. 468 

vertebral column, i. 32, 34 
Acrodus, teeth of, i. 378 
Adipose substances, iii. 783 
Adrenals of Ilsematoerya, i. 542 
Aves, ii. 229 
Pishes, i. 542 
Eeptiles, i. 543 
Mammalia, iii. 568 
JEtobatis, alimentary canal of, i. 418 
jEpyornis, characters of, ii. 13 
generative system, ii. 256 
Agama, alimentary canal of, i. 445 
teguments, i. 585 

female organs of generation, i. 586 


AMB 

Aglossa, characters of, i. 15 
Ai, boiibS of, ii. 398, et scq. 

Aigoceros. See Antilope equina 
Ailurus, alimentary canal of, iii. 445 
limb-bones, ii. 501 
mammary glands, iii. 780 
teeth, iii. 334 
vertebral column, ii. 494 
Air swallowed by some fishes, i. 255 
Air-bladder of Pishes, i. 5, 255, 491 
Air-cells of bones, i. 25 
of Aves, ii. 211 
Air-passages of Aves, ii. 217 
Alactaga, characters of, ii. 276 
Alauda, characters of, ii. 10 
Alca, alimentary caiial of, ii. 163 

osseous system, ii. 17, 21, 24, 25 
Alca impennis, air-cells of, ii. 214 

osseous system, ii. 21, 25, 41, 56, 
_ 58, 71 

Alcediuidae, characters of, ii. 11 
Alcedo, alimentary canal of, ii. 161 
eggs, ii. 256, 257 
lower larynx, ii. 221 
Alces, characters of, i. xxxii 
horns, iii. 630 
larynx, iii. 594 
skull, ii. 478 
teeth, iii. 361 

Alcpisaurus, characters of, i. 10 
Alimentary canal in Aves, ii. 156 
Pishes, i. 409 
Mammalia, iii. 383 
Eeptiles, i. 433 

Allantoic orifices, reptiles, i. 447 
Alligator. See Champsa 
Alopecidse, characters of, i. 13 
Alopias, alimentary canal of, i. 422, 423 
development, i. 610 
heart, i. 474 
vertebral column, i. 39 
Alosa vulgaris, gills of, i. 481 

male organs of generation, i. 569 
Alytes obstetricans, development of, i. 622 
oviposition, i. 616 
ovulation, i. 597 
Alytes, teguments of, i. 553 
Amblyopsis, characters of, i. xxxiii. 10 
Amblyopsis spelaeus, alimentary canal of, 
i. 424 
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AMH 

Amblvopsls s[X‘l;inis confiuuaL 
mesouoophalon, iii. 98 
iuye\eucop\\a\on, i. 275, *277, *284, 287 
nerves, \. 298, 299 
organ of sight, i. 331 
Amhlypterus, dcrmoskeleton of, i. 196 
Ambiyrhynchus ater, teeth of, i. 403 
Amhystoma, teguments of, i. 552 
Ameiva, reproducible parts of, i. 567 
Amia, air-bladder of, i. 492 
vertebral column, i. 37, 38 
skull, i. 108^ 
locomotion, i, 247 
alimentary canal, i. 422 
heart, i. 474 

Ammocaites. See Petromyzon. 

Ainmodytes, a.limentary canal of, i. 417 
liver, i. 426 
tegument, i. 547 
veins, i. 468 

Ammodytes tobianus, adrenals of, i. 543 
male organs of generation of, i. 568 
veins, i. 468 

Amphicoelia, characters of, i. xxxviii, 17 
vertebral coluiim. i. 69 
Amphicyon, teeth of, iii. 340, 372, 375 
Amphipnous Cuchia, gills of, i. 481, 487 
Ampliisbfcna alba, liver of, i. 451 
teeth, i. 386 • 

teguments, i. 555 

AmphiHbjena fuliginosa, nerves of, i. 313 
skull, i. 153 

Amphisbienida?, vertebral column of, i. 59 
Amphisorex tetragonurus, alimentary canal 
of, iii. 427 
skull, ii. 389, 390 
teeth, iii. 305, 306 

Amjdiiiima, characters of, i. xxxiii, 5 
artei’ieH, i. 516 
gills, i. 515 
heart, i. 506 
larynx, i. 527 
liver, i. 451 
organ of smell, i. 330 
pancreas, i. 453 
pectoral limb, i. 163, 170 
pelvic arch and limb, i. 182 
scapula, iii. 164 
Anabas, characters of, i. 11 
gills, i. 478, 487 

Anahleps, alimentary canal of, i. 421 
teeth, i. 373 

Anacanthini, characters of, i. 10 
Anarrhicas lupns, absorbents of, i. 457 
alimentary canal, i. 421 
teeth, i. 376 

Anas boschas, arteries of, ii. 190, 193 
beak, ii. 148 

generative system, ii. 244 
organ of sight, ii. 136, 140 
sacral vertebrae, pelvis, and tail, ii. 32 
tegumentary system, ii. 235 
Anas clangula, lower larynx of, ii. 220, 225 


AST 

Anas fuacn, lower larynx of, ii. 220 
I Anas gnlvricuktn, porioil of incubution of, 
j ii. 257 

Anas moschata, sccnt-glands of, ii. 230 
1* Anas (Oasarea) nitila, period of incubation 
of, ii. 257 

Anas sandvicensis, external sexual charac- 
ters of, ii. 257 

Anas semipalmata, lower larynx of, ii. 220 
Anas sponsa, period of incubation of, ii. 257 
Anas’ vulpanser, period of incubation of, ii. 
257 

Anatidm. See Lamollirostratae 
Aueitherium, characters of, ii. 284; iii. 
792 

Aiidrodon, sexual characters of, ii. 258 
Anguilla, characters of, i. 10 
air-bladder of, i. 495 
myelcncephalon, i. 275, 284 
nerves, i. 298 
skull, i. 124 
teguments, i. 546 
veins, i. 468 

Anguis, alimentary canal of, i. 447 
liver, i. 451 
lungs, i. 524 
organ of smell, i. 330 
scapular arch, ii. 65 
skull, i. 158 
vertebral column, i. 59 
Anguis fragilis, alimentary canal of, i. 417 
adrenals, i. 543 
lungs, i. 624 

male organs of generation, i. 580 
Animalia, i. v. viii. 

Anolius, vertebral column of, i. 49 
Anomalurus, dorm of, iii. 612 
scales, iii. 623 

Anomodontia, characters of, i. 16 
Anoplotheriiim, characters of, i. xvii, xxxi,; 
ii. 266, 286 

teeth, iii. 340, 341, 375, 790 
Anser gambensis, claw or spur of, ii. 74 
Anscr palustris, absorbents of, ii. 181 
j adrenals, ii. 229 

I air-cells, ii. 216 

alimentary canal, ii. 161 
arteries, ii. 193 

beak, ii. 148 * 

development and peculiarities of the 
chick, ii. 264 
generative system, ii. 245 
lower larynx, ii. 221 
lungs, ii. 209 

myolencephalon, ii. 118, 120 
nerves, ii. 123 

organ of sight, ii. 136, 139, 142, 144 

pancreas, ii. 178 

tongue, ii. 152 

trachea, ii. 220 

veins, ii. 206 

Anteater, Cape, bones of, ii. 395, 404 
Anteater, Great, bones of, ii. 397 
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ANT 

Anteato, Gvmt—continved. 
muscles of tongue, iii. 23 
salivary system, iii. 400 
stomach, iii. 44G 
Anteater, scaly, bones of, ii. 396 
skeleton, ii. 27^ 

Antechinus, prosonceplialoii of, iii. 104 
Antelope, bones of, ii. 462, 472 
Antelopes, peculiar glands of, iii. 632 
Antonnarius, gills of, i. 477, 480 

pyloric appendages and pancreas, 4. 430 
reproducible parts, i. 567 
Anthias, changes of, accompanying growth, 
i. 612 

Anthochaera, skull of, ii. 57 
Anthracotherium, characters of, ii. 286 
teeth, iii. 343 

Antibrachial bones of Carnivora, ii. 507 
Antilociipra Americana Dicranoceros, 
horns of, iii. 625, 626 
skull, ii. 473 

Antilope cervicapra, horns of, iii. 626 
gland opening upon the head, iii. 632 
limb-bones, ii. 482 

Aiitilopo (Aigoccros) equina, alimentary 
canal of, iii. 462 
liver, iii. 482 
skull, ii, 473 

Antilope corinna, gland opening upon the 
head of, iii. 635 

Antilopo dama, mammary glands of, iii. 
779 

Antilope dorcas, mammary glands of, iii. 
779 

veins, iii. 555 

Antiloiie (Cephalophus) mergens, horns of, 
iii. 626 

skull, ii. 473 ( 

Antilopo oreas, mammary glands of, iii. 779 | 
Antilope (Tetraceros) quadricornis, horns of, 
iii. 625 
skull, ii. 473 

Anti lope rupicapra, suborbital pit or sinus 
of, iii. 632 

Antilopo strepsicoros, myelon of, iii. 77 
skull, ii. 473 

Antilopo tragelephus, horns of, iii. 626 
Antilopidse, characters of, ii. 286 

glands opening upon the head, iii. 633, 
634 

horns, iii. 624, 625 
limb-bones, ii. 483 
Apistes, gills of, i. 480 
Apleiiri, characters of, i. 1 1 
Apodes, characters of, i. 10 
Aptenodytes, characters of, i. 25 ; ii. 9 
absorbents, ii. 180 
air-cells, ii. 214 
alimentary canal, ii. 156 
ossooiis system, ii. 16, 17, 25, 31, 41, 

66, 67, 69 

Apterichthyscgecus, organ of smell of, i. 331 
Apteryx, characters of, i. xxxiii. 25 ; ii. 12 


AUT 

Apteryx— continued. 
air-cells, ii. 214 
alimentary canal, ii. 162 
generative system, ii. 248, 256, 258 
liver, ii. 177 

muscular system, ii. 85, 91 
organ of sight, ii. 140 
org.*!!! of smell, ii. 130 
OS.SCOUS system, ii. 18-22, 30, 34-36, 
38, 48-53, 55, 62-66, 70, 74-76. 81, 
82 

Aptornis, characters of, ii. 13 

osseous system, ii. 43, 48, 50, 58, 75, 
76 

Aquila, characters of, ii. 12 

alimentary canal, ii. 158, 171 
development, ii. 259 
liver, ii. 176 
lower larynx, ii. 220 
mj’elenccphalon, ii. 119, 121 
osseous system, i. 25; ii. 21, 32, 36, 
53, 72, 76, 77, 80 
Arbor vitae. Fishes, i. 275 
Archego.sanrUK, skull of, i. 158 
Archencephala, characters of, ii. 247 ; iii. 
127, 138 

Archeoptcryx, characters of, ii. 13 
restoration of, ii. 586 
scapular arch and limbs, ii. 74 
tail, ii. 38 

Arctictis {syn. Ictides) albifrons, alinientui’y 
canal of, iii. 445 
limb-bonos, ii. 508 
liver, iii. 491 
lymphatics, iii. 508 
vertebral column, ii. 491 
Arctocephalus australis, skull of, ii. 496 
Arctomys, alimentary canal of, iii. 424 
limb-bones, ii. 382 
organs of generation, male, iii. 654 
Arctonyx, teeth of, iii. 333 
Ardea, alimentary canal of, ii. 163 
beak, ii. 147 

generative system, ii. 257 
osseous system, ii. 22, 39 
tegumentary system, ii. 232 
Ardiscosoma, alimentary canal of, i. 445 
Argentine, composition of, i. 550 
Argyreiosns vomer, skull of, i. 108, 116, 154 
Argyreiosus sotipiunis, vertebral column of, 

i, 44 

Arius, air-bladder of, i. 491 
Arius gagora, air-bladder of, i. 491 
blood, i. 500 

Armadillo, alimentary canal, iii. 446 
organ of hearing, iii. 231 
teeth, iii. 273 
bones, ii. 393, et seq. 

Armour-plates of lishes, i. 246 
Arteries of Avt'S, ii. 189 
Fishes, i. 488 
Mammalia, iii. 532 
Reptiles, i. 509, 616; iii. 537 
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ART 

Artibeus, organ of taste of, iii. 192 
Artiodactyla, aUmentary canal, iii. 465 
characters, ii. 283 
muscles, iii. 27 
organs of generation, iii. 662 
male, iii. 662 
female, iii. 694 
osseous system, ii. 457 
skeleton, ii. 457 

A. vertebral column, ii. 457 

cervical, ii. 457 
dorsal, ii. 467 
lumbar, ii. 457 
sacral, ii. 457 
caudal, ii. 457 

B. skull, ii. 465 

frontals, ii. 465-478 
jaws, ii. 465-478 
nasals, ii. 465-478 
lacrymal, ii. 465-478 
preniaxiriaries, ii. 466- 

478 

maxillaries, ii. 466-478 

C. bones of the limbs, ii. 

479 

scapula, ii, 479 
humerus, ii. 479 
ulna, ii. 480 
radius, ii. 480 
ileum, ii. 480 
ischia, ii. 480 
femur, ii. 480 
tarsus, ii. 480 

teeth, iii. 343 

Arvicola amphibia, alimentary canal of, iii. 
421 

limb-bones, ii. 381 
lungs, iii. 577 
mouth, iii. 386 

organs of generation, male, iii. 653 
oi^an of smell, iii. 209 
teeth, iii. 298 

Ascalabotes, larynx of, i. 529 
Aspidonectes spinifer, fecundation of, i, 
615 

Ass. See Equus asinus 
Astur, alimentary canal, ii. 171 
muscular system, ii. 85 
osseous system, ii. 17 
Ateies belzebut, brain of, ii. 273, 7iote 
Atelcs niger, brain of, iii. 146 
larynx, iii. 598 
organ of touch, iii. 187 
osseous system, ii. 515, 516, 5.30, 543 
preliensile tail, iii. 71 

Atelcs paniscus, dorso-lumbar vertebrjc of, 
ii. 515 

osseous system, ii. 307 
Atherina presbyter, liver of, i. 425 
Atherinidse, characters of, i. 11 
Aucheiiia lama, characters of, ii. 286 
alimentary canal, iii. 468 
blood, iii. 515 


AVE 

Auchonia lama — continued, 
hair, iii. 618 
prosencephalon, iii 122 
teeth, iii. 349 
thyroid gland, iii. 665 
skull, ii. 470 
vertebral column, ii. 460 

Aucheiiia vicunia, blood of, iii. 515 
skull, ii. 470 

Auchenipterus furcatus, air-bladder of, i 
491,496 

i Aulostomiis fistulari'a, skull of, i. 107, 109, 
1 124 

Australian, skull of the, ii. 563 

Auxis Cybium, air-bladder of, i. 493 
arteries, i. 490 

Aves, characters of the class, i. 5 
orders, i. 8 

I. Natatores, ii. 9 

II. Grallatores, ii. 9 

III. Kasorcs, ii. 10 

IV. Cantores, ii. 10 

V. Volitores, ii. 10 

VI. Scjinsoros, ii. 11 

VII. Rapt ores, ii. 11 
absorbent system, ii. 180 

laeteals, ii. 180 

lymphatics, ii. 180 
I thoracic ducts, ii. 180 

i brain, iii. 118 
! development, ii. 118, 119 

j varieties in weight and size, ii. 121 

i compared with that of the Rep- 

i tile and of the Mammal, ii. 121 

j circulating system, ii. 184 

I blood, ii. 184 

blood-discs, ii. 184 

heart, ii. 186 

pericardium, ii. 185 
auricles, ii. 185 
ventricles, ii. 186 

arteries, ii. 189 
aorta, ii. 189 

arteria innominata, ii. 189 
carotid, ii. 190 
external maxillary, ii. 192 
laryngeal or posterior pala- 
tine, ii. 192 
lingual, ii. 192 
internal maxillary, ii. 193 
vertebral, ii. 193 
subclavian, ii. 194 

humeral, ii. 194, 195 
mammary, internal, ii. 194 
great pectoral or thoracic, ii. 
195 

articular, ii. 195 
profunda humeri, ii. 195 
ulnar, ii. 195 
interosseous, ii. 196 
descending aorta, ii. 196 
bronchial, ii, 197 

I intercostal, ii. 197 
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AYE 

— circulating system— 
coeliac, ii. 197 
gastric, posterior, ii. 197 
splenic, ii. 197 
hepatic, right, ii. 197 
pancreatic, ii. 198 
gastric, anterior, ii. 198 
hepatic, small, ii. 198 
mesenteric, superior, ii. 198 
arteria spormatica, ii. 199 
femoral, ii. 199 
ischiadic, ii. 200 
.articular, ii. 201 
tibial, posterior, ii. 201 
anterior, ii. 201 
plant.ar, ii. 202 
sacra media, ii. 202 
lumbar, ii. 202 
mesenteric, inferior, ii. 202 
hypogastric, ii. 202 
coccygeal, ii. 202 
incubating plexus, ii. 203 
veins, ii. 203 

vertebral, ii. 203 
jugular, ii. 203 
axillary, ii. 205 
vena cava, inferior, ii. 205 
hepatic, ii. 205 
iliac, ii. 205 
emulgent, ii. 206 
haemorrboidiil, ii. 200 
vena portae ii. 206 
splenic, ii. 206 
gastric, posterior, ii. 207 
anterior, ii. 207 
pancreatic mesenteric, ii. 207 
inferior mesenteric, ii. 207 
femoral, ii. 207 
tibial, ii% 207 
peroneal, ii. 208 
digestive system, ii, 145 
beak, ii. 145 
tongue, ii. 151 

muscles, ii. 153 

mylo-hyoideus, ii. 153 
stylo-hyoideus, ii. 153 
genio-hyoideus, ii. 154 
cerato-hyoideus, ii. 154 
sterno-hyoideus, ii. 154 
salivary glands, ii. 154 

accessory follicles, ii. 156 
alimentary canal, ii. 150 
mouth, ii. 150 

dilatation of the faucial 
membrane, ii. 157 
cesophagus, ii. 157 

ingluvies, or crop, ii. 168 
a*sophagus, lower, ii. 160 
provcntriciilus, ix. 160 
provontrieular glands, 
ii. 161 

gastric glands, ii. 162 
gizzard, ii. 163 


AYE 

Aves — digestive system — mitimied. 

intestines, ii, 167 

duodenum, ii. 168 
mesentery, ii. 168 
ileum, ii. 168 
rectum, ii. 168 
cloaca, ii. 168 
varieties, ii. 168 
liver, ii. 174 
size, ii. 174 
position, ii. 175 
lobes, ii. 176 
ligaments, ii. 176 
colour, ii. 176 
gall-bladder, ii. 177 

cyst-hepatic duct, ii. 177 
cystic duct, ii. 178 
hepatic duct, ii. 178 
pancreas, ii. 178 

structure, ii. 179 
ducts, ii. 179 

development of Birds and peculiarities 
of the chick, ii. 259 
generative system, ii. 242 

male organs, and semination, ii. 242 
testes, ii. 242 

periodical variations of 
size, ii. 242 
development, ii. 243 
vas deferens, ii. 244 
penis, ii. 244 
spermatozoa, ii. 245 
spermatoa, ii, 245 
female organs and ovulation, ii. 246 
ovarium, ii. 246 
development of tho ovarian 
ovum, ii. 246-250 
calyx, ii. 247 
mesometrium, ii. 249 
clitoris, ii. 261 

fecundation in Birds, and struc- 
ture of the laid egg, ii. 251 
accessory generative structures 
and external sexual characters, 
ii. 266 

periods of incxibation, ii. 257 
iiidifieation, ii. 257 
locomotion, ii. 112 

progression on land, ii. 112 
climbing, ii. 113 
flying, ii. 113, 114 

velocity of flight, ii. 115 
action of the tail in, ii. 115 
varieties in manner of, ii. 1 16 
muscular system, ii. 84 

general characters, ii. 84 
vertebrae, muscles of the, ii. 84 
sacro-lumbalis, ii. 85 
longissimus dorsi, ii. 86 
ohliquus colli, ii. 86 
fasciculi obliqui, ii. 86 
longus colli posticus, ii. 87 
spinalis dorsi, ii. 88 
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scular system — continued, 
multifidvis spinse, ii. 88 
obliquo-spiiiales, ii. 89 
intorarticulares, ii. 89 
obliquo-transversales, ii. 89 
intertraiisversales, ii. 89 
leyatores costarum, ii. 89 
complexiis, ii. 89 
rceti capitis postici, ii. 90 
trachclo-mastoideus, ii. 90 . 
longus colli, ii. 90 
rectus capitis anticus major, 
ii. 90 

minor, 
ii. 90 

rectus capitis lateralis, ii. 90 
obliquua externus abdominis, 
ii. 90 

internus abdominis, 
ii. 91 

rectus abdominis, ii. 91 
transversalis abdominis, ii.91 
diaphragm, ii. 91 
appeiidico-costalcs, ii. 92 
levator caud?e, ii. 92 
adductor caudee superior, ii. 92 
inferior, ii. 92 
depressor caucla?, ii. 92 
quadra tus coecygis, ii. 92 
pu])o-eoccygeus, ii. 92 
ilio-coccygeus, ii. 92 
ischio-coccygeus, ii. 9.‘1 
head, muscles of the, ii. 93 
temporalis, ii. 93 
inasseter, ii. 93 
biventer maxi lire, ii. 93 
entotympanicus, ii. 94 
pterygoideus externus, ii. 94 
internus, ii. 94 
wing.s, mucles of the, ii. 94 
trapezius, ii. 94 
rhomboideuM, ii. 94 
levator scapul®, ii. 95 
serratormagnus anticus, ii. 95 
parvus aiiticu.s, ii. 95 
pectoralis minor, ii. 95 
supra-.spinatus, ii. 95 
infra -spinatus, ii. 95 
teres major, ii. 95 
subscapularis, ii. 95 
lati.ssimus dorsi, ii. 95 
dclloidea, ii. 95 
pectoralis, first, ii. 96 

second, ii. 96 
tliird, ii. 97 
eoraco-brachialis, ii. 97 
extensor plicae alari.s, ii. 98 
extensor mctacarpi radiaiis 
longus, ii. 98 

extensor mctacarpi radiaiis 
brevis, ii. 98 

extensor carpi uliiaris, ii. 99 
11 exor metacarpi radiaiis, ii. 99 


AYE 

Aves — muscular system — continued, 

‘muscles of the pinion or 
hand, ii. 99 

legs, muscles of the, ii. 99 
glutaeus externus, ii. 100 
medius, ii. 100 
minimus, ii. 100 
magnus, ii. 100 
qiiartus, ii. 101 
quintu.s, ii. 101 
use, ii. 101 

iliacus internus, ii. 101 
pyramidalis, ii. 101 
adductor brevis femoris, ii. 
101 

adductor longus, ii. 101 
adductor magnus, ii. 101 
obturator internus, ii. 102 
gemellus, ii. 102 
quadratus, ii. 102 
abductor nmgnus, ii. 102, 109 
vastus externus, ii. 102 
crurseus, ii. 102 
sartoriiis, ii. 102 
biceps flexor cruris, ii. 103 
semimembranosus, ii. 103 
somintcndino.sus, ii. 103 
cruKfcus, ii. 104 
gracilis, ii. 104 
vastus internius, ii. 104 
popliteus, ii, 104 
gastrocnemius externus, ii. 
104 

internus, ii. 105 
soleus, ii. 106 

flexor perforans digitorum, 
ii. 106 

flexor perforatus digitorum, 
ii. 106 

pectineus, ii. 107 
peroneiis longus, ii. 107 
tibialis anticus, ii. 108 
extensor longus digitorum, 
ii. 108 

extensor brevis digitorum, ii. 
108 

extensor pollicis brevis, ii. 108 
peroneiis medius, ii. 108 
skin, muscles of the, ii. 109 
constrictor colli, ii. 110 
use, ii. 110 

sterno-cervicalis, ii. 110 
use, ii, 119 

sterno-maxillaris, ii. Ill 
denno-transversalis, ii. Ill 
platysma myoidcs, ii. Ill 
dermo-spinalis, ii. Ill 
dermo-iliacas, ii. Ill 
dermo-costalis, ii. Ill 
dernio-ulnaris, ii. 112 
dermo-humcralis, ii. 112 
nervous system, ii. 121 

olfactory or first pair, ii. 121 
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AYE 

Aves — nervous system — con tinned, 
optic, ii. 122 

third, or oculomotorial, ii. 1 22 
fourth, ii. 122 
fifth or trigeminal, ii. 122 
ophthalmic division, ii. 123 
first, ii. 123 
second, ii. 123 
third, ii. 123 

superior maxillary, ii. 123 
inferior maxillary, ii. 123 
facial, ii. 124 
auditory nerve, ii. 1 24 
eighth, ii. 124 
pneumogastric, ii. 124 
hypoglos.sal, ii. 125 
spinal, ii. 125 
cervical, ii. 125 
sacral, ii. 125 
brachial plexus, ii. 125 
obturator, ii, 126 
femoral, ii. 126 
ischial ic, ii. 126 
tibial, ii. 126 
peroneal, ii- 126 
organ of touch, ii, 128 
taste, ii. 129 
smell, ii. 130 
hearing, ii. 133 
sight, ii, 133 

size of eyes, ii. 135 
form, ii. 136 
sclerotic coat, ii. 136 
cornea, ii. 137 
choroid coat, ii. 137 
iris, ii. 137 

marsupium, or pecten, ii. 138 
retina, ii. 140 
aqueous humour, ii. 141 
crystalline lens, ii. 141 
vitreous humour, ii. 141 
muscles of the eyeball, ii. 142 
recti, ii. 142 
obliqui, ii. 142 
eyelids, ii. 142 
membrana nictitans, ii. 143 
lacrymal glands, ii. 143 
osseous system, ii. i4 

general characters, ii. 14 
skeleton, ii. 14 
dorsal vertebrge, ii. 14 
sternum, ii. 20 
keel, ii. 23 

sacral vertebra?, ii. 29 
pelvis, ii. 32 

variations in its general form 
and proportions, ii. 36 
ilium, ii. 33 
ischium, ii. 35 
pubic bones, ii. 35 
caudal vertebrae, ii. 37 
tail, ii. 37 

cervical vertebrae, ii. 39 


AYE 

Aves — osseous system — continued. 
skull, ii. 41 

separate cranial bones, ii. 43 
basioecipital, ii. 43 
exoccipitals, ii. 44 
basisphenoid, ii. 44 
hicmal arch, ii. 46 
orbitosphonoids; ii. 46 
occipital condylo, ii. 48 
mastoid, ii. 50 
nasal, ii. 51 
premaxillary, ii. 51 
maxillary, ii. 52 
palatines, ii. 52 
pterygoids, ii. 53 
malar, ii. 54 
tympanic, ii. 54, 55 
mandible, or lower jaw- 
bone, ii. 56 
hyoid, ii. 58 
lacrymal, ii. 58 
in Raptores, ii. 59 
in Can tores, ii. 59 
in Grallatorcs, ii. 60 
ill Natatorcs, ii. 61 
limited range of size of the 
(tranial cavity, ii. 61 
foramina, ii. 62 
tympanic cavity, ii. 62 
orbits, ii. 62 

olfiictory cerebral crura, ii. 
63 

cranial peculiarities, ii. 64 
scapular arch and limbs, ii. 65 
scapula, ii. 65, 66 
coracoid, ii. 65, 66 
clavicles, ii. 65, 67 
humerus, ii. 68 
radius, ii. 71, 72 
ulna, ii. 72 
metacarpus, ii. 73 

anchylosis of, ii. 73 
pectoral limb, ii. 74 
pelvic limb, bones of, ii. 75 
femur, ii. 75 
tibia, ii. 77 
fibula, ii. 79 
toes, ii. 82 
patella, ii. 83 

ossification of parts of tendons, 
ii. 83 

peculiar secretions in birds, ii. 230 
respiratory system, ii. 209 
lungs, ii. 209 

number, ii. 209 
colour, ii. 210 
bronchi, ii. 210 
arteries, ii. 210 
air-cells, ii. 211 
air-passages, ii. 217 

larynx, superior, ii. 217 
rima glottidis, ii. 218 
trachea, ii. 219 
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Aves — air-passages — continued, 

larynx, lower, ii. 220 
sympathetic system, ii. 127 
tegumentary system, ii. 231 

composition of the tegument, ii. 

231 

corium, ii. 231 
rete mucosum, ii. 231 
epiderm, ii. 232 
scales of the legs, ii. 232 
appendages of the tegument, ii. 

233 

feathers, ii. 233 

development, ii. 236 
moulting, ii. 241 
urinary system, ii. 226 
adrenals, ii. 229 
kidneys, ii. 226 

number, ii. 226 
size, ii. 227 
varieties, ii. 227 
lobes, ii. 227 
texture, ii. 228 
colour, ii. 228 
tubuli urinifori, ii. 228 
arteries and veins, ii. 228 
ureter, ii. 228 
cloaca, ii. 229 
spleen, ii. 230 

Axolotcs marmoratus, organ of hearing of, 
i. 347 

pectoral limb, i. 170 
skulls, i. 87 

Axolotes {syn. Sirodon), female organs of 
generation of, i. 583 
gills, i. 614 
heart, i. 506 
larynx, i. 627 
skull, i. 87 
teguments, i. 652 

Aye-aye, bones of, ii. 613, et seq. 
muscles, hi. 52 
salivary system, hi. 406 


B adger, bones of, h. 501 

Ragrus filamentosus, air-bladder of, 
i. 491, 492 

Balaena australis, skull of, ii. 423, 426 
Balaei a longimana, skull of, ii. 426 
limb-bones, ii. 428 

Balaena mysticetiis, chiiracters of, ii. 280, 296 
alimentary canal, iii. 462 
brain, iii. 143 
development, iii. 732 
limb-bones, ii. 428, 429 
mouth, iii. 383 
nerves, iii. 162 
teeth, iii. 278 
thymus gland, iii. 568 
vertebral column, ii. 415, 416, 418 
Balaeniceps, beak of, ii. 148 
skull, ii. 61 


BAT 

Balffinidse, characters of, ii. 296 
larynx, iii. 687, 588, 689, 590 
lungs, iii. 578 
nerves, iii. 152 
prosencephalon, iii. 119 
skull, ii. 426 
tooth, iii. 278, 279 
vertebral column, ii. 415 
Balsenoptera, alimentary canal of, ii. 463, 
454 

arteries, iii. 546 
brain, iii. 143 
larynx, iii. 687 
limb-bones, ii. 426, 428 
lungs, iii. 579 

organs of generation, male, iii. 659 
organs of sight, iii. 249 
organs of touch, iii. 189 
skull, ii. 419 
spleen, iii. 661 

teeth, iii. 265, 274, 277, 278, 279 
vertebral column, ii. 418 
Balistes, alimentary canal of, i. 421 
dermoskeleton, i. 193, 194 
nerves, i. 306 
skull, i. 107 
teeth, i. 377, 378, 382 
Balistini, characters of, i. 11 
alimentary canal, i. 417 
Bassaris astuta, limb-bones of, ii. 510 
Bat, skeleton of a, ii. 278. Vespertilio 
Bathyergiis, alimentary canal of, iii. 422, 424 
limb-bones, ii. 381 
mammary glands, iii. 776 
mouth, iii. 399 

organs of generation, female, iii. 687 
organ of hearing, iii. 231 
organ of sight, iii. 246 
spleen, iii. 560 
teeth, iii. 266, 269, 296 
thyroid gland, iii. 565 
Batides, characters of, i. x. 13 
teeth, i. 381 

Batrachia, absorbent system of, i. 458 
adrenals, i, 543 
alimentary canal, i. 437 
arteries, i. 616 
blood, i. 501 
brain, i. 290 
characters of, i. 16 

fecundation, i. 614 
oviposition, i. 616 
development, i. 619 
generative system, i. 576 
male organs, i. 576 
female organs, i. 683 
generative products and development, 
i. 591 

ovulation, i. 692 
gills, i. 512 

hearing, organs of, i. 347 
heart, i. 507 
ichthyomorphous, i. 215 
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Batrachia, ichthyomorphous — continued. 
musclea of, i. 216 
kidneys, i. 638 
larynx, i. 527 
locomotion, i. 262 
lungs, i. 621 

respiratory actions, i. 630 
osseous system, i. 46 

vertebral column, i. 46 
skull, i. 85 
ovulation, i. 695 
reproduction of parts, i. 666 
sight, organs of, i. 337 
smell, organs of, i. 330 
sympathetic nervous system, i. 321 
teeth, i. 385, 392 
teguments, i. 652 

periodical shedding of thoepiderra, 
i. 553 

thymus body or gland, i. 565 
touch, organs of, i. 326 
veins, i. 501, 602 
Batrachus, arteries of, i. 489 
gills, i. 481 
pectoral limb, i, 164 
pyloric appendage and pancreas, i. 430 
Bdellostoma heptatrema, blood of, i. 468 
gills, i. 475, 477 
heart, i. 471 
kidneys, i. 535 
Bdeogale, teeth of, iii. 307 
Bear, gestation of, iii. 745 
muscles, iii. 60 
organs of generation, iii. 669 
organ of hearing, iii. 234 
organ of siglit, iii. 252 
bones, ii. 490, et seq. 
teeth, iii. 335 

Beaver, alimentary canal of, iii. 422 
brain, iii. Ill 

organs of generation, iii. 653, 686 
skeleton, ii. 364 

Belono, development of bone of, i. 21 
myelencophalon, i. 283 
nerves, i, 297, 306 

pyloric appendage and pancreas, i. 432 
veins, i. 468 

Beryx Trachinidse, air-bladder of, i. 493 

Bile in reptiles, i. 452 

Biinana, characters of, i. xvii. xxxviii. ; ii. 

292 

alimentary canal, iii. 434-442 
blood, iii. 616 
development, iii. 747, 751 
heart, iii. 525 j 

locomotion, iii. 70, 72 1 

mammary glands, iii. 780, 783 | 

nervous system, iii. 88 j 

macromyelon, iii. 88 [ 

prosencephalon, iii. 132 I 

nerves, iii. 147 j 

organs of generation, male, iii . 646, 67 3 j 
female, iii. 704 


BRA 

Bimana — continued. 

osseous system, ii. 553-586 
placenta, iii. 750 
teeth, iii. 322-326 
veins, iii. 555 

Bipes lepidopus, lungs of, i. 525 
Birds. See Aves. 

Bison, i. xxxii. 

Bison americanus, horns of, iii. 625 

female organs of generation, iii. 697 
Bison europeus, organ of taste of, iii. 196 
1 skull, ii. 472, 473 

j teeth, iii. 361 

! vertebral column, ii. 462 

! Biventer maxillae muscle in Aves, ii. 93 
I Biziura, pelvic limbs of, ii. 73 
Blennidae, characters of, i. 1 1 

■ ovulation, i. 599 

! Blennius, myelencephalon of, i. 276 
I nerves, i. 298, 302 

j ovulation, i, 595 

: Boa, kidneys of, i. 539, 540 
larynx, i. 528 
’ teguments, i. 554 

i Boa constrictor, oviposition in, i. 617 
myelencephalon, i. 291 
I vertebral column, i. 56 

' Boidse, organ of sight of, i. 338 
Bombinator jgiieus, larynx of, i. 527 
reproducible parts, i. 567 
semination, i. 591 
Boops, teeth of, i. 371 
Bos, characters of, i. xi. ; ii. 286 
development, iii. 738 
horns, iii. 625, 631 
nerves, iii. 159 
prosencephalon, iii. 128 
teeth, ii. 362 

■ vertclu’al column, ii. 462 

I Bos griinnicns, limb-bones of, ii. 483 
i Bos taurus, characters of, i, xxxii. 

i cerebellum, iii. 90 

liver, ii. 482 
muscles, iii. 42-47 
skull, ii. 472 

; vertebral column, ii. 461 

j Boschi.sman, skull of the, ii. 564 
Bothriolepis, teeth of, i. 378 
Bovida?, arteries of, iii. 647 
j horns, iii. 624 

, limb-bones, ii. 486 

I mammary glands, iii. 779 

! skull, ii. 472 

i teeth, iii. 351 

urinary system, iii. 607 
Box, alimentary canal of, i. 415 
Box sal pa, alimentary canal of, i. 421 
Box vulgaris, alimentary canal of, i. 421 
Brachypterix, characters of, i. xxxiii. 

dorsal vertebrae and sternum, ii. 24, 26 
Bradypodidse, characters of, ii. 296 
limb-bones, ii. 414 
teeth, i. 363 
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Bradypus didactylns. See Choloopufl 
Bradypus tridactyUis, characters of, ii. 278 
development, iii. 731 
larynx, iii. fOSG 
liver, iii. 484 
lungs, iii. 578 

organs of generation, female, iii. 690 
osseous system, ii. 298 

limh-bories, ii. 307, 411, 412 
vertebral column, ii. 398, 400 
skull, ii.405, 406 
placenta, iii. 731 
prosencephalon, iii. 410 
Brain of Avos, ii. 118 
Fishes, i. 271 

Mammalia, ii. 269, 270 ; iii. 81,1 02, 751 
Reptiles, i. 290 

Rrama (j^yn. Abramis), changes accom- 
panying growth of, i. 612 
nerves, i. 297 

pyloric .appendage and pancreas, i. 432 
semination, i. 589 
Bi’am.atherium, horns of, iii. 625 
skull, ii. 473 

Branch! ostom a {syn. Amphioxus), ch.arac- 
ters of, i. 3, 9 

alimentary canal, i. 413, 414 
gills, i. 513 
growth, i. 611 
myelonccphalon, i. 269, 270 
organ of smell, i. 328 
osseous system, i. 26, 31, 71 
Brevipennatm, clmracters of, ii. 9 
Bruta, alimentary c.anal of, iii. 446 
characters, ii. 278 
mouth, iii. 387 
muscles, iii. 19 
organs of generation, iii. 655 
m.ale, iii. 655 
female, iii. 689 
organ of sight, iii. 246 
osseous system, ii. 393 
skeleton, ii. 393 

A. vertebral column, ii. 393 

cervic.al, ii. 393-402 
dorsal, ii. 393-402 
lumbar, ii. 393-402 
sacral, ii. 393-402 
caudal, ii. 39,3-402 

B. skull, ii. 403 

C. bones of the limbs, ii. 407 

scapula, ii. 407 
clavicle, ii. 411 
humerus, ii. 407 
ulna, ii. 407 
radius, ii. 407 
olecranon, ii. 407 
carpals, ii. 408 
femur, ii. 408 
tibia, ii. 408 
fibula, ii. 408 
foot, ii. 409 

salivary system, iii. 399 
teeth, iii. 272 


CvKS 

Bruta — continued. 
tongue, iii. 193 

Bubalus, nnammary glands of, iii. 779 
skull, ii. 473 
organ of he.aring, iii. 233 
Bubalus calfer, horns of, iii. 626 
Bubalus gnu, horns of, iii. 626 
limb-bones, ii. 482 

Bubalus moschatus, horns of, iii. 626 
mammary glands, iii. 779 
Bubo maximus, organ of generation of, 
male, ii. 242 
organ of sight, ii. 140 
Bucconidse, characters of, ii. 12 
osseous system, ii. 28 
Bucephalus capensis, teeth of, i. 395 
Buceros, liver of, ii. 175 
osseous system, ii. 40 

corvdcal vertebrae, ii. 40 
skull, ii. 41, 55, 59, 63 
Bucerotidm, characters of, ii. 11 
Bufo, development of, i. 629 
fecundation, i. 614 
pectoral limb, i. 177 
pelvic arch and limb, i. 183 
Bufo agua, pelvic arch and limbs of, i. 181 
tegument, i. 552 
Bufo asper, teguments of, i. 551 
Bufo calamita, development of, i. 629 
tegument, i. 552 
Bufo cinercus, larynx of, i. 527 
Bufo tuberosus, teguments of, i. 551 
Bufo vulgaris, development of, i. 624 
larynx, i. 528 
teguments, i. 553 
vertebral column, i. 50 
Bufonidae, cdiaracters of, i. 15 
Buglossiis, characters of, i. xxxiii 
Biingarus, tegument of, i. 554 
Butco, alimentary canal of, ii. 171 
larynx, lower, ii. 220 


C achalot, teeth, iii. 28 1 

Cieeilia, characters of, i. 15 
alimentary canals, i. 444 
arteries, i. 516 
liver, i. 449 
teguments, i. 551 

vertebral column, i. 50 
Cmcilia albiventcr, pancreas of, i. 453 
Cmcilia iuterrupta, pancreas of, i. 453 
Cmlacanthi, characters of, i. 12 
Cselogenys, alimentary canal of, iii. 423 
larynx, iii. 585 
lungs, iii. 677 
mammary glands, iii. 776 
month, iii. 386 

organs of generation, male, iii. 652 
organ of hearing, iii. 230 
organ of smell, iii. 208 
salivary glands, iii. 399 
skull, ii. 371 

Caesio, alimentary canal of, i. 415 
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CAL 

Calliclitliys, fecundation of, i. 614 
myelencophalon, i. 290 
skull, i. 108 

Calliouymus, prolongation of tlio fin-rays 
of, with age, i. 612 
Callisaurus, tooth of, i. 403 
Gallithrix person ata, larynx of, iii, 598 
osseous system, ii. 629 
Gallithrix sciureus, development of, iii. 
745, 746 

osseous system, ii. 515, 530, 543 
prosencephalon, iii. 114, 124, 125,129, 
131 

organ of taste, iii. 199 
Gallithrix spixii, osseous system of, ii. 515 
GallorhyneJius australis, ovulation in, i. 598 
Galotes, teeth of, i. 402 
Galyptorhynchus, osseous system of, ii. 21, 
28, 60, 58, 63 

Gamelidm, characters of, i. xxxii. 
development of, iii. 737 
limbd)one\s, ii. 481, 482 
liver, iii. 478 
lungs, iii. 581 
mammary glands, iii. 779 
muscles, iii. 43, 44 
organ of taste, iii. 196 
prosencephalon, iii. 122 
skull, ii. 474 
urinary system, iii. 607 
ve.rtohral column, ii. 460, 462 
water-cells, iii. 469 

Camelopardalis ClirafFa, characters of, i. 
xxxii. ; ii. 286 
alimentary canal, iii. 471 
brain, iii. 143 
ccrebolluin, iii. 90 
gestation, iii. 739 
horns, iii. 631 
larynx, iii. 595 
limb-bones, ii. 482 
mammary glands, iii. 779 
muscles, iii. 47, 49 
myelon, iii. 75 
organ of taste, iii. 196 
placenta, iii. 739 
prosencephalon, iii. 122 
skull, ii. 475 
vertebral column, ii. 464 

Camelus, characters of, ii. 286 

female organs of generation, iii. 695 
muscles, iii. 48 
teeth, iii. 349 

Camelus bactrianus, humps of, iii. 784 
alimentary canal, iii. 459, 471 
muscles, iii. 49 

Camelus dromedarius, hump of, iii. 784 
muscles, iii. 49 

Cancroma, beak of, ii. 148 
skull, ii. 61 

Canidse, locomotion of, iii. 69 
limb-bones, ii. 289 
mammary glands, iii. 780 


CAP 

Canidm — con tinned, 

prosencephalon, iii. 118 
tongue, iii. 197 
urinary organs, iii. 608 
vertebral column, ii. 492 
Canis, organ of hearing, iii. 235 

organs of generation, male, iii. 670 
placenta, iii. 744 
salivary glands, iii. 405 
teeth, iii. 330, 331, 332, 370 
Canis aureus, skull of, ii. 503 
Canis australis, skull of, ii. 503, 504 
Canis domcsticus, characters of, ii. 296 
adrenals, iii. 570 
alimentary canal, iii. 444 
development, iii. 709, 710, 715, 744 
lungs, iii. 682 
lymphatics, iii. 512 
mental activities, iii. 820 
nerves, iii. 156 

organs of generation, male, iii. 670 
female, iii. 700 
organ of hearing, iii. 234 
organ of smell, iii. 215 
pancreas, iii. 496 
prosencephalon, iii. 118 
salivary glands, iii. 404, 405 
skull, ii. 506, 571 
spleen, iii. 561 
vertobml column, ii. 492 
Canis lupus, skull of, ii. 603 
vertebral column, ii. 492 
Canis pietus, limb-bones of, ii. 610 
Canis rufus, vertebral column of, ii. 492 
Canis vulpes, nerves of, iii. 175, 176, 180 
prosencephalon, iii. 117, 118 
scent glands, iii. 637 
skull, ii. 603 

Cantharis vulgaris, air-bladder of, i. 491 
Cantoros, characters of, i. 10 
pelvis, ii. 32 
sternum, ii. 28 
vocal organs of, ii. 224 
Capitonidse, characters of, ii. 11 • 

Capra hircus, development of, iii. 738 
skull, ii. 475 

Caprimulgidse, characters of, ii. 11 
Caprimulgus, alimentary canal of, ii. 156 
beak, ii. 147 
lower larynx, ii. 221 
osseous system, ii. 52 
skull, ii. 52, 55 
pelvic limbs, ii. 83 
pancreas, ii. 178 
tegument, composition of, ii. 232 
Capromys Fournieri, alimentary canal of, 
iii. 423, 424, 425 
liver, iii. 485, 488 
mammary glands, iii. 775 
mouth, iii. 387 

organs of generation, male, iii. 652 
organ of taste, iii. 192 
spleen, iii. 560 
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CAP 

Capromys prehensilis, vertebral column of, i 
ii. 3G7 

Capuchin monkey, bones of, ii. 516, et seq, | 
Caraux, eliaracters of, i. xxxiii i 

Carchardon megalodou, teeth of, i. 372 I 
Carcharias, alimentary canal of, i. 422 I 
heart, i. 474 | 

mychmcephalon, i. 273, 276, 283 
skull, i. 80, 81 
teeth, 1. 372 

vertebral column, i. 33, 35, 39 
Cardiodon, teetli of, i. 387 
Carnivora, adrenals of, iii. 569 
alimentary canal, iii. 442 
arteries, iii. 548 
brain, iii. 116 
tnecum, iii, 445 
characters of, ii. 288 
development, iii. 742 
dual gland-bags, iii. 636 
hoiirt, iii. 523 
liver, iii. 485 
locomotion, iii. 69 
mouth, iii. 395 
muscles, iii. 49 
nerves, iii. 175 
organs of generation, iii. 668 
male, iii. 668 
female, iii. 698 
organ of hearing, iii. 234 
sight, iii. 252 
smell, iii. 215 
osseous system, ii. 457 
skeleton, ii. 457 

A. vertebral column, ii. 458 

dorsal, ii. 458 
lumbar, ii. 458 
sacral, ii. 458 
caudal, ii. 458 

B. skull, ii. 494 

bones of the, ii. 494-506 

C. bones of the limbs, ii. 506 

scapula, ii. 606 | 

clavicle, ii. 510 ! 

antibrachial, ii. 507 
radius, ii. 507 
pelvic arch, ii. 607 
femur, ii. 507 
tibia, ii. 507 
fibula, ii. 607 
astragalus, ii. 607 
foot, ii. 507-511 
pancreas, iii. 496 

placenta, iii. 743 | 

respiratory system, iii. 581 i 

spleen, iii. 661 | 

sympathetic system, iii. 181 j 

thymus, iii. 568 I 

tongue, iii. 197 i 

veins, iii. 655 ' 

Cartilage, temporary, stages of its ossifica- 
tion, i. 21 

Oaryocatactes, alimentary canal of, ii. 167 


CAV 

Cassicus, sacral vertebrae and sternum, ii. 

32, 36 

Castor canadensis, characters of, ii. 269 
alimentary canal, iii. 422 
castoreum, iii. 636 
organs of generation, male, iii. 663 
organ of hearing, iii. 231 
prosencephalon, iii. Ill 
Castor fibres, castoreum glands of, iii. 635 
mesencephalon, iii. 98 
organs of generation, male, iii. 649 
female, iii. 686 
prosencephalon, iii. 110 
skull, ii. 374 
vertebral column, ii. 364 
Casuarius Bennettii, generative system of, 
ii. 257 

organ of sight, ii. 138, 139, 140 
skull, ii. 64 

Casuarius galeatus, characters of, ii. 6 
alimontai'y canal, ii. 162, 173 
generative system, ii. 242 
liver, ii. 177 

muscles of the legs, ii. 101 
osseous system, ii. 23, 30, 55, 69, 64, 66 
tegumentary system, ii. 232, 235 
veins, ii. 106 
Cat, brain of, iii. 114, 117 
generation, iii. 742 
locomotion, iii. 69 
muscles, iii. 50 
organ of sight, iii. 252 
organs of generation, iii. 671 
teeth, iii. 374 

Catarhina, characters of, ii. 291 
alimentary canal, iii. 432 
development, iii. 746 
generative organs, male, iii. 673 
female, iii. 703 

larynx, iii. 599 
liver, iii. 487 
mammary glands, iii. 780 
organ of hearing, iii. 236 
sight, iii. 252 
smell, iii. 216 
pancreas, iii. 496 
skeleton, ii. 517, 531, 643 
teeth, iii. 316 

Catarrhactes, dorsal vertebrae, ii. 16 
Cathartes, blood of, ii. 184 
heart, ii. 185 
liver, ii. 176 
osseous system, ii, 27 
spleen, ii. 230 
Caucasian, skull of, ii. 669 
Cauda equina in Fishes, i. 272 
Cavia aperea, mammary glands of, iii. 775 
salivary glands, iii. 398 
Cavia eobaya {s'yn, Porcellus), development 
of, iii. 727 
limb-bones, ii. 380 
liver, iii. 486 

mammary glands of, iii. 776 
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CAY 

Cavia cobaya — continued. 
mosoncephalon, iii. 98 
organs of generation, male, iii. 652 
Cebus Aj)ella, osseous system of, ii. 529, 534 
prosencephalon, iii. 131 
teeth, iii. 315 

Cebus capucinus, arteries of, iii. 543 
development, iii. 736 
larynx, iii. 598 

organs of generation, male, iii. 672 
osseous system of, ii. 373, 516, 530 
Cebus hypoleucuSj dorso-lumbar vertebrae 
of, ii. 515 

Cen totes, alimentary canal of, iii. 428 
dcvolopmcnt, iii. 730 
hair, iii. 621 
hybernation, ii. 4 
liver, iii. 484 

organs of generation, female, iii. 689 
organ ofliearing, iii. 230 
teeth, iii. 310 
vertebral column, ii. 385 
Centrina, vertebral column of, i. 35 
Contriscus, alimentary canal of, i. 421 
pectoral limb, i. 164 
dermoskelcton, i. 193 

Contriscus humorosus, deriposkeleton of, i. 
194 

Contriscus scolopax, dcrmoskeleton of, i.l93 
pectoral limb, i. 164 
Centrophorus, heart of, i. 474 
Contropristis gigas, locomotion of, i. 254 
Contropus, osseous system of, ii. 32, 75 
Cephalaspis, dcrmoskeleton of, i. 197 
Cophalophas. Antilope mergens 
Cephaloptcridae, characters of, i. 13 
Cephaloptorus, heart of, i. 474 
Ceratodus, teeth of, i. 369, 385 
Ceratophrys cornuta, absorbents of, i. 459 
teeth, i. 392 
teguments, i. 551 

Cercolabes(5y».Synctlieres), liver of, iii. 485 
mammary glands, iii. 775 
vertebral column, ii. 367 
Cercoleptes caudivolvulus, limb-bones of, 
li. 509 

mammary glands, iii. 780 
teeth, iii. 334 
vertebral column, ii. 491 
Cercopithecus albogularis, osseous system 
of, iii. 533 

Cercopithecus ruber, osseous system of, ii. 
533 

Cercopithecus sabseus, alimentary canal of, 
iii. 433, 434 
development, iii. 746 
larynx, iii. 600 
organ of hearing, iii. 236 
organs of generation, female, iii. 703 
osseous system, ii. 633 
Cereopsis, period of incubation of, ii. 257 
Certhia, characters of, ii. 10 
pancreas, ii. 178 


GET 

j Cervical nerves in Aves, ii. 125 
Cervidoe, characters of, ii. 286 
development, iii. 738 
horns, iii. 627 
limb-bones, ii. 486 
mammary glands, iii. 779 
prosencephalon, iii. 122, 123 
Cervus capreolus, horns of, iii. 639 

organs of generation, female, iii. 696 
development, iii. 738 
gestation, iii. 738 

Cervus dama, birns of, iii. 629, 631 
skull, ii. 478 

Cervus davidianus, horns of, iii, 628, 630 
Cervus elcphas, development of, iii. 738 
horns, iii. 628 

Cervus muntjac, horns of, iii, 631 
limb-bones, ii. 479 
skull, ii. 478 

Cervus ruims, female organs of generation 
of, iii. 697 
horns, iii. 631 

Cervus simplicicornis, horns of, iii. 631 
Cervus tarandus, characters of, i. xxxii. 
liorns, iii- 630 

organs of generation, females, iii. 697 
skull, ii. 478 
vetebral column, ii. 464 
Cestracion Philippi, skull of, i. 79 
teeth, i. 378, 381, 398 
Cestraciontidas characters of, i. 13 
Cestrophori, characters of, i. 13 
Cetacea, adrenals of, iii. 570 
alimentary canal, iii. 462 
arteries, iii. 546 
baleen, iii. 276 
brain, iii. 119 
characters, ii. 280 
derm, iii. 609 
development, iii. 732 
diaphragm, iii. 2 
heart, iii. 520 
liver, iii. 478-486 
muscles, iii. 24 
nervous system, iii. 75 
organs of generation, iii, 655 
male, iii. 655 
female, iii. 691 
organ of hearing, iii. 224 
organ of sight, iii. 246 
organs of sight, iii. 258 
organ of smell, iii. 210 
organ of touch, iii. 188 
osseous system, ii. 416 
skeleton, ii. 416 

A. vertebral column, ii. 416 

cervical, ii. 415 
dorsal, ii. 417 

B. skull, ii. 419 

frontals, ii. 420 
vomer, ii. 420 
palatal, ii. 421 
pterygoid, ii. 421 
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Cetacea — osseous system — continued, 
maxillary, ii. 421 
premaxillarios, ii. 421 
malar, ii. 421 
jaws, ii. 422, 42? 

C. bones of limbs, ii. 426 
scapula, ii. 426 
humerus, ii. 427 
ulna, ii. 427 
radius, ii. 427 
carpus, ii. 427 
metacarpals, ii. 428 
ischia, ii. 429 
tibia, ii. 429 
sacral, ii. 429 
pancreas, iii. 495 
respiratory system, iii. 578 
salivary glands, iii. 396 
spleen, iii. 561 
thymus, iii. 568 
tongue, iii. 193 
veins, iii. 553 

Cotiosaurus, vertebral column of, i. 69 
Chseropotamus, characters of, ii. 286 
teeth, iii. 343, 375 
Cliaerops, alimentary canal of, i. 410 
Chsetodon, characters of, i. 11 
teeth, 1 . 370 
(^halcis, lungs of, i. 525 
Chameleo, alimentary canal of, i. 436, 439 
liver, i. 452 
locomotion, i. 263 
pectoral limb, i. 175, 178 
pelvic arch and limb, i. 191 
skull, i. 156 
tongue, 1 . 436 
vertebral column, i. 58 
Chameleo bifurcus, d(*rmoskoloton of, i. 193 
skull, i. 156 

Champsa {^yn. Alligator palpobrosa), der- 
nioskeleton of, i. 198 

Champsa gibbiceps, dermoskeleton of, i. 198 
Champsa lucius, skull, of, i. 138 
vertebral column, i. 66, 67, 70 
Champsa mississippiensis, alimentary canal 
of, i. 446 
liver, i. 450 
teeth, i. 408 

Champs-i nigra, liver of, i. 451 
skull, i. 138 
t('cth, i. 406 

Champsa trigonata, dermoskeleton of, i. 
198 

Characinidse, characters of, i. 10 
Charadrius, generative system of, ii. 257 
pelvic limbs, ii. 82 
Cheek -pouches of Mammals, iii. 386 
Cheilinus, skull of, i. 120 
Choirogaleus grisous, skull of, ii. 529 
Choiromeles caudatus, glandular sac of, iii. 

634 

Cheiromoles torquatus, glandular sac of, iii. 

634 


CHE 

Cheiroptera, characters of, ii. 278, 296 
alimentary canal, iii. 428 
arteries, iii. 536, 542 
cerebellum, iii. 90 
derm, iii. 612 
development, iii. 730 
larynx, iii. 586 
limb-bones, ii. 392 
mammary glands, iii. 776 
mesencephalon, iii. 98 
mouth, iii. 387 
muscular system, iii. 1 
myolon, iii. 74 

organs of generation, male, iii. 657 
female, iii. 689 
organ of hearing, iii. 228 
organ of touch, iii. 189 
pancreas, iii. 484 
placenta, iii. 730 
prosencephalon, iii. 109 
skull, ii. 387 
teeth, iii. 310 
thyroid gland, iii. 565 
veins, iii. 553 
vertebral column, ii. 387 
Chelono, characters of, i. 17 
growth of bone, i. 26 
pectoral limb, i. 171, 173 
pelvic arch and limb, i. 185 
Cholone caretta, alimentary canal of, i. 446 
liver, i. 450 
pancreas, i. 464 
teguments, i. 560 
vertebral column, i. 61, 63 
Chelone imbricata, alimentary canal of, i. 445 
Chelono mydas, alimentary canal of, i. 440, 
442, 444, 445 
development, i. 638 
lungs, i. 525 

mycloncephalon, i. 292, 293, 295, 297 
nerves, i. 313, 323 
organ of hearing, i. 348 
organ of sight, i. 340 
organ of smell, i. 328 
oviposition, i. 618 
pancreas, i. 453 
pelvic arch and limb, i. 189 
skull, ii. 126, 128 
Chelono planiceps, skull of, i. 1 35 
Chelono pulchriccps, skull of, i. 135 
Chelono Temminckii, skull of, i. 131, 135 
Chelonia, absorbent system of, i. 459 
adrenals, i. 544 
alimentary canal, i. 433 
arteries, i. 520 
blood, i, 501 
brain, i. 292 
characters of, i. 16 
fecundation, i. 615 
oviposition, i. 617 
development, i. 634, 638 
generative organs, i. 581 
male, i. 581 
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cun 

Chelon ia — co7i tinned. 

gonerativo organs, female, i. 586 
hearing, organs of, i. 348 
heart, i. 508 
kidneys, i. 541 
larynx, i. 529 
liver, i. 449 
lungs, i. 525, 530 
capacity, i. 526 
respiratory actions, i. 531 
muscular system of, i. 231 
osseous system, i. 126 
skull, i. 126 
vertebral column, i. 60 
scent-glands, i. 562 
sight, organs of, i. 339 
smell, organs of, i. 330 
teeth, i. 385 
teguments, i. 557 

neural plates, i. 557 
thymus body, i. 566 
thyroid body or gland, i. 565 
veins, i. 505 

Chelydra {syn. Chclonura) serpentina, ali- 
mentary canal of, i. 447 
development, i. 638 
generative organs, female, i. 587 
liver, i, 450 
lungs, i. 525 
oviposition, i. 618 
pancreas, i. 454 
skull, i. 131, 136 
Chelys, heart of, i. 509 
organ of sight, i. 331 
organ of taste, i. 327 
pectoral limb, i. 172, 178 
pelvic arch and limb, i. 187 
teguments, i. 560 
Cliilonyctcris, teeth of, iii. 310 
Cliimaera monstrosa, arteries of, i. 489 
myelencephalon, i. 276 
nerves, i. 304 
semination, i. 590 
tooth, i. 378 

vertebral column, i. 32, 35 
Chimaeridie, characters of, i. 13 
myelencephalon, i. 293 
Chimpanzee. See Troglodytes niger 
Chinchilla, limb-bones of, ii. 385 
skull, ii. 370 
teeth, iii. 298, 299 
Chinchilla lanigora, skull of, 370 
Chinese, skull of, ii. 569 
Chiromys madagascariensis, as compared 
with the genus Lemur, i. xxxv 
Chiromys madagascariensis, anal glands of, 
iii. 637 

brain, iii. 124, 125 
larynx, iii. 596 
Imigs, iii. 582 
muscles, iii. 53, 54 
organ of hearing, iii. 235 
organ of sight, iii. 242 


CLtJ 

Chiromys madagascariensi s — con tinned. 
organs of generation, male, iii. 672 
female, iii. 780 

osseous system, ii. 512, 513,529, 539, 
541, 542 

teeth, iii. 313, 314 
tongue, iii. 198 
Chirotes, teguments of, i. 555 
Chlaraydera maculata, nest of, ii. 258 
Chlamydosaurus, teguments of, i. 556 
Chlamyphorus, limb-bones of, ii. 409 
organs of smell, iii. 209 
skull, ii. 405, 407 

Clioeropus, limb-bones of, ii. 351, 354 
muscles, iii. 13 

Choloepus didaetylus, characters of, ii. 297 
alimentary canal, iii. 450 
female organs of generation, iii. 690 
larynx, iii. 586 
limb-bones, ii. 306, 411, 412 
lungs, iii. 578 
skull, ii. 406 
spine of, ii. 279 
teeth, iii. 274 

Cholcepus Iloffinanni, vertebral column of, 
ii. 400 

Chondroptori, characters of, i. 13 
vertebral column, i. 41 
Chromidie, characters of, i. 11 
Chromis, characters of, i. 11 
Chryochloris, hair of, iii. 621 
limb-bones, ii. 392 
male organs of generation, iii. 656 
skull, ii. 389 
teeth, iii. 301, 302, 303 
Chrysophris, teeth of, i. 382 
Ciconia alba, generative system of, ii. 257 
Ciconia argala, adrenals of, ii. 229 
air-passages, ii. 217-219 
alimentary aiiial of, ii. 162 
skull, ii. 54 

Ciconia, dorsal vertebrae and sternum of,ii.23 
Cinnyrus, characters of, ii. 10 
Cinosternon, oviposition in, i. 618 
teguments, i. 560 
vertebral column, i. 61 
Cirrostomi, characters of, i. 9 
Cistudo europma. See Emys europoea 
Cistudo triunguis, lungs of, i. 520 
Citharinus, skull of, i. 116 
teeth, i. 370 

Civet, bones of, ii. 492, et seq, 

Cladeidon, teeth of, i. 387 
Chidobates. See Tupaia 
Claspers of Fishes, i. 570 
Claws of Aves, ii. 74 
Mammalia, iii. 623 
Clupeidae, characters of, i. 10 
myelencephalon, i. 272 
Clupea, alimentary canal of, i. 421 
nerves, i. 297, 306 
veins, i. 468 
vertebral column, i. 38 
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Cliipea harengus, alimentary canal of, i. 420 
myeleiiceplialon, i. 283 
pancreas, i. 432 
A^ertebral column, i. 43 
Clnpca sprattus, iiiyeleiiccphalon of, i. 283 
pancreas, i. 430 

Clnpca pilcliardus, pyloric appendage of, i. 
431 

Cneniiornis, cliaracters of, ii. 13 
pelvic limbs, ii. 79 
Coati, bones of, ii. 501 
Cobitis, alimentary canal of, i. 417 
cervical vcrtobrse of, ii. 303 
iiiyelciicephalon, i. 279 
nerves, i. 297, 302 
organ of siglit, i. 335 
Cobitis barbulata, blood of, i. 500 
organ of hearing, i. 345 
teguments, i. 547 

Cobitis fossil is, air-bladder of, i. 491 
semination, i. 590 

Coccosteus, derrnoskelcton of, i. 196, 197 
locomotion, i. 247 
Coccothraiistes, characters of, ii. 10 
Cod, blood-discs of, i. 4 
Coleoptorus, lower larynx of, ii. 221 
Coliiclse, characters of, ii. 12 
CoJobus ursinus, alimentary canal of, iii. 
433 

osseous system, ii. 519, 543 
Coloptcrus, lU’inary system of, ii. 229 
Coluber, alimentary canal of, i. 447 
Coluber constrictor, alimentary canal, i. 446 
liver, i. 450 

ColubiT guttatus, alimentary canal of, i. 446 
liver, i. 450 

Colubridfle, pancreas of, i. 453 
teeth, i. 395 

Colugo, bones of, ii. 393 
Columba, characters of, ii. 10 

alimentary canal, ii. 159, 160, 161, 162, 
168 

myelencephalon, ii. 120 
sacral vertebra?, pelvis, and tail, ii. 32 ’ 
scapular arch and limbs, ii. 66 
skull, ii. 49, 58 

Columba galeatu, scapular arch and limbs 
of, ii. 66 

Columbacoi, characters of, ii. 10 
alimentary canal, ii. 173 
liver, ii. 177 
locomotion, ii. 116 
pelvic limbs, ii. 82 
scapular arch and limbs, ii. 70 
sexual characters, ii. 257 
skull, ii. 53 

Colymbus, characters of, ii. 9 
arteries, ii. 190 
locomotion, ii. 113 

osseous system, ii. 28, 31, 34, 54, 61, 
71, 76, 78, 82 
pancreas, ii. 178 

Condylura, organ of smell of, iii. 209 


CRO 

Conirostres, characters of, ii. 10 
beak of, ii. 146 

Conger vulgaris, vertebral column of, i. 43 
Conodon antillanus, air-bladder of, i. 491 
Contest of existence, law of, i.xxxiv; iii. 798 
Coproiites, or petrified fieces, of Fishes, i. 424 
Coracias, skull of, ii. 63 
Coracida?, characters of, ii. 11 
Coriciis, skull of, i. 119 
Corpuscles, Panician, i. 323 
Savian, i. 324 

Correlation, law of, i. xxvii ; iii. 787 
Corvina, air-bladder of, i. 492 
liver, i. 426 

Corvina trispinosa, air-bladder of, i. 492 
Corvus, characters of, ii. 10 
beak, ii. 146 
j eggs, ii. 257 

I organ of smell, ii. 130 

I Corvus curax, lower larynx, ii. 222 
j Corvus frugilons, organ of sight of, ii. 139 
Coryplia?na {syn. Lampugus), changes ac- 
companying gi’owth, i. 611 
Coryphodon, characters of, ii. 284 
geological remains of, iii. 792 
teeth, iii. 377 

Corytliaix, osseous system of, ii. 34, 36 
Corythophanes, teguments of, i. 556 
Cossypliiis, teeth of, i. 371 
Cottiis, alimentary canal of, i. 415 
gills, i. 480 
liver, i. 448 

male organs of generation, i. 669 
myelencephalon, i. 284 
nerves, i. 298, 302 
pectoral limb, i. 168 
pyloric appendages andpancreas, i. 430 
Coturnix, dorsal vertebrae and sternum of, 
ii. 27 

Cotylis, gills of, i. 481 
Cow, development of, iii. 738 
muscles, 42-45 
Cratseura, teeth of, i. 405 
Craticus, skull of, ii. 67 
Crax, osseous system of, ii. 27, 32, 34, 68 
Crenilabrus, alimentary canal of, i. 410 
teeth, i. 374 

Cricetus, alimentary canal of, iii. 421 
liver, iii. 485 
mouth, iii. 386 

Crocodilia, blood-discs of, i. 4 
adrenals, i. 644 
alimentary canal, i. 433 
arteries, i. 620 
blood, i. 601 
brain, i. 295 
character, i. 17 
development, i. 634, 638 
fecundation, i. 615 
generative organs, i. 583 
male, i. 583 
female, i. 588 
hearing, organs of, i. 348 
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CRO 

CTOzodA\\2i.-~contimied. 
heart, i. 510 
kidneys, i. 541 
larynx, i. 529 
liver, i. 450 
locomotion, i. 263 
lungs, i. 526 
muscles, i. 222 

vert(*bral column, i. 65 
skull, i. 135 
oviposition, i. 619 
respiratory actions, i. 531 
scent-glands, i. 502 
sight, organs of, i. 340 
smell, organs of, i. 331 
teeth, i. 400 
teguments, i. 557 
thymus body or gland, L 566 
tongue, i. 438 
veins, i. 505 

Crocodilurus, teguments of, i. 546, 556 
Crocodilus, alimentary canal of, i. 439 
development, i. 638 
growth of bones, i. 25 
locomotion, i. 262 
pectoral limb, i. 173 
pelvic limb, i, 188, 190 
skull, i. 135 

sympathetic nervous system, i. 323 
Crocodilus acuius, heart of, i. 510 
myology, i. 219 
skull, i. 137 

vertebral column, i. 66, 67 
Crocodilus biporcatus, liver of, i. 451 
lungs, i. 526 
myology, i. 223 
organ of hearing, i. 349 
organ of sight, i. 341 
skull, i. 139, 145 
teeth, i. 406 

vertebral column, i. 67, 68 
Crop, or ingluvies, of Aves, ii. 158 
Crotalidae, muscles of, i. 225, 227 
skull, i. 152 
teguments, i. 554 
vertebral column, i. 55 
Crotalus adamanteus, alimentary canal of, 
i. 446 

liver, i. 450 
pancreas, i. 454 

Crotalus durissus, kidneys of, i. 539 
muscles, i. 227, 228, 229 
Crotalus horridus, liver of, i. 448 
teeth, i. 394, 395, 398 
tegument, i. 555 
vertebral column, i. 56 
Cryptobranchus. See Menopoma 
Cryptodontia, characters of, i. 16 
Cryptodontidm, characters of, i. 16 
Cryptopus Petersii, teguments of, i. 557 
Crystalline lens in Aves, ii. 141 
Ctelolabridffi, characters of, i. 11 
organ of smell, i. 329 


CYP 

Ctenodiis, teeth of, i. 369, 378 
I Ctoromys, organs of sight, iii. 250 
I skull, ii. 378 
Cuculidae, characters of, ii. 12 
liver, ii. 177 

Cuculus, alimentary canal of, ii. 166 
dorsal vertebrae and sternum, ii. 28 
generative system, ib 255, 257 
liver, ii. 177 

Curruca luseinia, lower larynx of, ii. 224 
Cyclobatis oligodactylus, pelvic arch and 
limb of, i. 181 

Cyclodus, vertebral column of, i. 58 
Cyclodus niger, dcjrmoskeleton of, i. 198 
1 skull, i. 155 

I teeth, i. 387, 388, 402 

' Cyclodus nigroluteus, kidneys of, i. 542 
teeth, i. 402 

Cyelolabrid®, characters of, i. 11 
Cyelopteriis liparis, gills of, i. 481 
Cyclopterus lumpus, alimentary canal of, 

i. 421 

changes accompanying age, i. 612 
kidneys, i. 534, 536 
myelenccphalon, i. 284 
nerves, i. 298, 306 
organs of generation, male, i. 569 
pelvic arch and limb, i. 180 
Cyclostomi, characters of, i. 9 
muscular system, i. 211 
Cyclura, dermoskeleton of, i. 198 
I Cygnus, characters of, ii. 9 
! adrenals, ii. 229 

'■ air-cells, ii. 212 

alimentary canal, ii. 161, 164, 165 
beak, ii. 148 

I development and peculiarities of the 
I chick, ii. 265 

development of feathers, ii. 241 

eggs of, ii. 255 

generative system, ii. 244 

gland for lubricating its feathers, ii. 230 

heart, ii. 187 

lower larynx, ii. 220 

organ of sight, ii. 136, 139, 140 

spleen, ii. 230 

sympathetic system, ii. 127, 128 
tongue, ii. 151 

Cygnus utratus, development of feathers of, 

ii. 241 

period of incubation, ii. 257 
Cynocephalus porcarius, osseous system of, 
ii. 517, 531, 532 
I spleen, iii. 662 

I Cynocephalus sphinx, oesophagus of, iii. 432 
Cynocephalus Toth, osseous system of, ii, 
617 

Cynogale barbatus, limb-bones of, ii. 610 
teeth, iii. 331 

Cyprinidie, characters of, i. 10 
alimentary canal, i. 410, 417 
arteries, i. 489 
vertebral column, i. 43 
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Cypriiiodon, characters of, i. 10 
Cyprinodoiitidfje, characters of, i. 10 
Cyprinus carpio, myelencephalon of, i. 275, 
286 

nerves, i, 297 
organ of hearing, i. 345 
sMl, i. 104, lie 
Cypselida?, characters of, ii. 11 
muscles of tlie wings, ii. 96 
myelencephalon, ii. 117 
osseous syst (‘in, ii. 21 

dorsal vcrt(d)r;n and sternum, ii. 21 
scapular arch and limhs, 74 
Cypselus, alimentary canal of, ii. 157 
dorsal vertebrai and sternum, ii. 28 
pelvic limhs, ii. 81, 83 
sacral vertebrae and tail, ii. 32 
Cystignathus paehypus, vertebral column 
of, i. 50 

Cystophyra cristata, heart of, 524 
teeth, iii. 336 

vertebral column, ii. 496, 497 
Cystophora proboscidea, skull of, ii. 496, 497 
teeth, iii. 337 


ACELO, pelvic limbs of, ii. 81 
Dactylcthra, larynx of, i. 527 
teeth, i. 392 
teguments, i. 551 
Dactylcthra Mullcri, tegument of, i. 551 ^ 
Dactyloptcrus (.s^/w. Coplialacanthus), air- 
bladder of, i. 491 
changes with age, i. 612 
locomotion, i. 257 
myelencephalon, i. 271 
pectoral limb, i, 167 
skull, i. 119 

Dapedius, characters of, i. 12 
Dasypodidse, chameters of, ii. 279, 296 
organs of taste, iii. 193 
Dasyprocta, characters of, ii. 270 
alimentary canal, iii. 423 
limb-bones, ii. 379 
lungs, iii. 577 
mammary glands, iii. 776 
organs {.)f generation, male, iii. 651 
orgai of taste, iii. 192 
vertebral column, ii. 365 
Dasypus 6-cinctus, alimentary canal of, iii." 
447 

female organs of generation, iii. 690 
limb-bones, ii. 408 
liver, iii. 484 
lungs, iii. 578 

Dasypus gigas, skull of, ii. 408 
Dasypus macrurus, thyroid gland of, iii, 
556 

Dasypus poba, alimentary canal of, iii. 440 
development, iii. 731 
heart, iii. 520 
limb-bones, ii. 408, 409 
liver, iii. 484 


DEL 

Dasypus T^^h^ -^contmued. 
lungs, iii. 577 
mouth, iii. 390 
organ of taste, iii. 193 
organs of generation, female, iii. 689 
Sfilivary glands, iii. 400, 402, 409 
skull, ii. 404 
spleen, iii. 560 

vertebral column, ii. 393, 394 
Dasyuridfe, muscles of, ii. J4 
Dasyurus laniarius, teeth of, iii. 291 
Dasyurus macrurus, alimentary canal of, 
iii. 412, 420 
limb-bones, ii. 360, 361 
muscles, iii. 14 
organ of taste, iii. 191 
salivary glands, iii. 398 
thymus, iii. 567 
thyroid gland, iii. 565 
urinary system, iii. 606 
Dasyurus Maugei, skull-bones of, ii. 311 
Dasyurus ursinus, characters of, ii. 269 
alimentary canal, iii. 411 
larynx, iii. 585 
limb-bones, ii. 359 
mesencephalon, iii. 98 
prosencephalon, iii. 104 
skull, ii. 342, 343 
teeth, iii. 286 
urinary system, iii. 606 
Dasyurus viverrinus, female organs of ge- 
neratiem of, iii. 681 
organ of taste, iii. 191 
urinary system, iii. 606 
Deer, bones of, ii. 464, 478 
horns, iii. 627 
skeleton, ii. 285 

Degeneration, i. xxxii; ii. 12; iii. 795 
Deirodon {syn. liacrhiodon) scaber, alimen- 
tary canal of, i. 440 
teeth, i. 393 

vertebral column, i. 56, 57 
Dclphinidae, larynx of, iii. 687, 588 
limb-bones, ii. 427 
nerves, iii. 162 

organ of hearing, iii. 224, 225 
organ of smell, iii. 204 
organ of taste, iii. 194 
prosencephalon, iii. 119 
skull, ii. 424 
teeth, iii. 279 
thyroid gland, iii. 565 
vertebral column, ii. 419 
Delphiniis delphis, arteries of, iii. 536 
brain, iii. 146 
cerebellum, iii. 91 

female organs of generation, iii. 691 
macromyelon, iii. 84 
prosencephalon, iii. 115, 120 
teeth, iii. 266, 281, 282 
vertebral column, ii. 417 
Delphinus griseus, organ of sight, iii. 255 
teeth, iii. 265, 280 
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DEL 

Delphi nuslcucas, skull of, ii. 420 
teeth, iii. 281 

Delphiiiiis tursio, limh-bones of, ii. 427,428 
organ of hearing, iii. 224 
vertebrate column, ii. 416, 419 
Dendrodus, teeth of, i. 367, 368, 378 
Doiulropliis, locomotion of, i. 261 
Dentine, ostco- and vaso-, of the teeth of 
Eishes, i. 376 

Dcntirostres, characters of, ii. 10 
Derivative law, iii. 799 
Derm, i. 645 

white and yellow fibres, i. 545 
of Mammalia, iii. 610 
Dermoskeleton of Fishes, i. 193 
Koptiles, i. 198 
Dermopteri, characters of, i. 7 

development of vertebrm of, i. 3 1 
myolencephalon, i. 271 
Desmodus, alimentary canal of, iii. 429 
organs of taste, iii. 192 
organs of touch, iii. 190 
teeth, iii. 311, 313 
Development, initial stops of, i. 640 
Birds, ii. 259 
Fishes, i. 601 
Mammalia, iii. 711 
Keptilos, i. 630 
Dovelopmcaital anatomy, i. vii 
Diehobuno, characters of, ii. 286 
Dichodon, characters of, ii. 280, 287 
teeth, iii. 266, 340, 375 
Dicotyles, charac.ters of, ii. 286 
alimentary canal, iii. 458 
gland opening on the trunk, iii. 635 
limb-bones, ii. 480, 481 
liver, iii. 481 
organs of smell, iii. 213 
teeth, iii. 310 
vertebral column, ii. 458 
Dicynodon, skull of, i. 159, 160 
teeth, i. 399 

Dicynodontidm, characters of, i. 16 
Dieynodontia, characters of, i. 10 
skull, i. 159 

Dicynodon tigricops, pelvic arch and limb 
of, i. 192 

Didolphis Azara?, development of, iii. 723 
Didelphis brtichyura, alimentary canal of, 
iii. 411 

lungs, iii. 577 

Didelphis cancrivora, mouth of, iii, 385 
teeth, iii. 289 
vertebral column, ii. 332 
Didolphis, characters of, ii. 275 
limb-bones, ii. 355 
macromyelon, iii. 82 
mammary glands, iii. 774 
mesencephalon, iii. 105 
muscles, iii. 14 
organ of sight, iii. 261 
skull, ii. 341 
teeth, iii. 288 


Dli> 

Didelphis dorsigera, mammary glands of, 
iii. 771 

organs of generation, female, iii. 681, 
682 

Didelphis murina, prosencephalon of, iii. 104 
Didelphis opossum, larynx of, iii. 584 
male organs of generation, iii. 648 
Didolphis philander, alimentary canal of, 
iii. 420 

organ of taste, iii. 191 
Didelphis ursina, teeth of, iii. 360 
Didelphis virginiana, alimentary canal of, 
iii. 411 

limb-bones, ii. 353 
mammary glands, iii. 769, 773 
organs of generation, female, iii. 682 
organ of sight, iii. 248 
organ of taste, iii. 191 
prosencephalon, iii. 104 
skull, 343 

vertebral column, ii. 332, 334 
Didus, characters of, ii. 12, 13 
skull, ii. 48, 49, 57 
Di morph odon, characters of, i. 18 
teeth, i. 405 

Diiiornis, characters of, i. xxxiii. ; ii. 12, 13 
generative system, ii. 256 
osseous system, ii. 20, 21, 31, 35, 
48-51, 56, 61-66, 75, 76 
Dinosauria, characters of, i. 18 
vertebral column, i. 70 
Dinotherium, characters of, ii. 282, 296 
teeth, iii. 343, 358, 359, 378 
vertebral column, ii. 440 
Diodon, air-bladder of, i. 491 
alimentary canal, i.415 
dermoskeleton, i. 198 
gills, i. 478, 481 
myelencephalon, i. 272 
nerves, i. 306 
skull, i. 109, 118, 124 
teeth, i. 378 

Dioniedaea, characters of, ii. 9 
locomotion, ii. 116 
lower larynx, ii. 225 
osseous system, ii. 15, 23, 31, 61, 67, 
71, 82 

Diphyodonts, teeth of, iii. 283 
Sirenia, iii. 283 
Marsupialia, iii. 285 
Ilodentia, iii. 294 
Insectivora, iii. 301 
Quadrumana, iii. 313 
Bimana, iii. 322 
Carnivora, iii. 327 
Dipnoa, characters of, i. 7, 8 
Dipodidse, organ of sight of, iii. 248 
Diprotodon, teeth of, ii. 405 ; iii. 291, 293 
Dipsadidfe, organ of sight of, i. 338 
Dipsas cynodon, teeth of, i. 395 
Dipteridfe, characters of, i. 12 
Dipterus, characters of, i. 12 
Dipus sagitta, limb-bones of, ii. 383 
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DU? 

Dip\is sagitta — coniinntd. 
liver, iii. 485 

organs of generation, male, iii. 854 
skull, ii. 376 
vertebral column, ii. 366 
Discoboli, skull of, i. 114 
Discoglossus, teeth of, i. 392 
Dispholidus, liver of, i. 451 
Dog, alimentary canal of, iii. 443 
bones, ii. 492, et seq. 
ear, iii. 235 
locomotion, iii. 69 
organs of generation, iii. 670 
organ of smell, iii. 215 
teeth, iii. 330, 331, 373 
Dolichotis, mammary glands of, iii. 775 
skull, ii. 377 
teeth, iii. 297 

Dolphin, bones of, ii. 416, 418 
brain, iii. 115, 119 
teeth, iii. 282 

Dorcatheriiim, characters of, ii. 286 
Doiics, bones of, ii. 519, et seq. 

Draco volans, characters of, i. xii. 

alimentary canal, i. 433, 434, 441, 
445 

liver, i, 449, 451 
locomotion, i. 264 
male organs of generation, i. 580 
myelenccphalon, i. 2G8 
pectoral limb, i. 175 
skull, i. 156 
teguments, i. 556 
vertebral column, i. 58 
Drills, bones of, ii. 532, ef seq. 

Dromaias, alimentary canal of, ii. 162 
heart, ii. 185, 18S 
kidneys, ii. 227 
liver, ii. 177 
lower larynx, ii. 220 
lungs, ii. 210 

osseous system, ii. 23, 24, 33, 34,36, 52, 
64, 66 

tegumontary system, ii. 235, 257 
Dromedary. See Camelus. 

Dryinns nasulus, teeth of, i. 395 
Dryophis, organ of sight of, i. 338 
org-an of taste, i. 327 
Dugong, alimentary canal of, iii. 455 
bones, ii. 430 
diaphragm, iii. 2 
heart, iii. 521 
pancreas, iii. 495 
respiratory system, iii. 579 
teeth, iii. 283 
urinary system, iii. 607 
Pules maculatus, air-bladder of, i. 491 


T^AR, parallel between the eye and the, 

Jj iii. 261 

Echeneis remora, changes with growth of, ! 
i. 612 

dcrmoskeleton, i. 196 


ELE 

: Echeneis remora — continued, 
liver, i. 426 
myelencephalon, i. 274 
myology, i. 211 
i teeth, i. 377 

j Echidna. See Vipera arietans. 
j Echidna, characters of, ii. 275, 297 
I cerebellum, iii. 89 

! development, iii. 767 

! mammary organs, iii. 766 

j mouth, iii. 383, 385, 396 

I muscles, iii. 7' 

I myelon, iii. 74 

organs of generation, female, iii. 640, 
644 

organ of hearing, iii. 228 
I organ of smell, iii. 208 

j osseous system, ii, 311, 312 

vertebral column, ii. 316-319 
limb-bones, ii. 325-328 
prosencephalon, iii. 102, 103, 128 

; salivary glands, iii. 396, 397, 409 

I teeth, iii. 265 

I Echimyid®, teeth of, iii. 299 
] Echimys, liver of, iii. 485 
i mammary glands, iii. 775 

; Echinops, teeth of, iii. 309 
I Edentata, characters of, ii. 278, 295. See 
Bruta. 

‘ Edeiitula, characters of, ii. 290 
i Edestos, dermoskeleton of, i. 194 
j Elaphis 4-lincatus, male organs of genera- 
I tion of, i. 580 

Elasmothcrium, characters of, ii. 284 
Electric organs ofEishes, i. 213, 350 
I Electricity, relations between, and the norv- 
. ous and muscular forces, i. 316-318 
I Eleginiis, air-bladder of, i. 493 
I Elk, bones of, ii. 478 
, Elephant, alimentary canal of, iii. 457 
bones, ii. 437 
generation, iii. 740 
liver, iii. 479 
mouth, iii. 390 
I muscles, iii. 49 

I nerves, iii. 152 

I nervous system, iii. 75 

I organ of hearing, iii. 232 

organ of sight, iii. 246 
organ of smell, iii. 210 
peritoneum, iii. 503 
proboscis, iii. 390 
respiratory system, iii. 580 
skeleton of the, ii. 282 
teeth, iii. 276, 359 
tusks, iii. 359-361 
tongue, iii. 194 
Elephas, characters of, ii. 282 
cerebellum, iii. 90 
muscles, iii. 49, 66 
myelon, iii. 75 
teeth, iii. 265, 343, 359-361 
vertebral column, iii. 440 
Elephas africanus, skull of, ii. 438, 439 
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ELE 

Elephas indicus, brain of, iii. 143 
development, iii. 740 
limb-bones, ii. 443 
mouth, iii. 390 

organs of generation, female, iii. 692 
organ of hearing, iii. 232 
organ of sight, iii. 260 
prosencephalon, iii. 123 
skull, ii. 439 
vertebral column, ii. 437 
Elephas primigenius, hair of, iii. 618 
teeth, iii. 362 
Elops, skull of, i. 125 
Elosia, alimentary canal of, i. 436 
Emballonura, glandular cutaneous sac on 
the anterior border of the wing of, iii. 638 
Emberiza, characters of. ii. 10 
Embryology, ii. vii, xx 
Emyda ceylonensis, teguments of, i. 557, 558 
Erays, characters of, i. 17 
development, i. 639 
pancreas, i. 454 
pelvic arch and limb, i. 187 
skull, i. 127, 130, 134 
vertebral column, i. 61, 64 
Emys (sy«. Cistudo) europaea, absorbents 
of, i. 461 

alimentary canal, i. 441-446, 447 
,blood, i. 501 
heart, i. 510 
kidneys, i. 541 
larynx, i. 529 
liver, i. 448, 450 
myology, i. 231-242 
organs of generation, male, i. 582, 583 
female, i. 587 
organ of sight, i. 389, 340 
pancreas, i. 454 
pectoral limb, i. 173 
pelvic arch and limb, i. 186, 187 
skeleton, i. 60 
skull, 131, 132 

sympathetic nervous system, i. 322 
Emys picta, development of, i. 639 
ovi position, i. 618 

Emys reticulata, alimentary canal of, i. 464 
blood, i. 501 
liver, i. 450 
pancreas, i. 454 

Emys serrata, alimentary canal of, i. 446 
blood, i. 501 
liver, i. 450 
pancreas, i. 454 

Emys terrapin, liver of, i. 450, 454 
Enhydra, alimentary canal of, iii. 445 
mammary glands, iii. 780 
organ of hearing, iii. 234 
teeth, iii. 333. 336 
Entelodon, characters of, ii. 286 
Eperlanus, nerves of, i. 298 
Ephippus, changes accompanying growth 
of, i. 612 

organ of hearing, i. 343 


, ERI 

I Ephippus — continued 

skull, i. 108, 110, 111 
Epibulus. fiee Spams 
Epiderra, i. 545 
Aves, ii. 232 
Mammalia, iii. 613 
Epigenesis, iii. 809 
Equation, organic, i. xxvii 
Equidae, characters of, ii. 283, 296 ; iii. 791 
arteries, iii. 534 
development, iii. 737 
opiderm, iii. 616 
larynx, iii. 593 
limb-bones, iii. 308 
skill], ii. 451 

Equus ciiballus, characters of, i. xxxii, 360 ; 
ii. 285, 305, 310 
adrenals, iii. 570 
alimentary canal, iii. 458-460 
cerebellum, iii. 91 
development, iii. 734-736 
epidorm, iii. 616 
hair, iii. 617 
heart, iii. 522 
I larynx, iii. 592 

1 limb-bones, ii. 456 

’ liver, iii. 479 

j mammary glands, iii. 778 

I macromyelon, iii. 85 

I mesencephalon, iii. 98 

I mouth, iii. 391 

j muscles, iii. 27, 32, 34, 39, 40, 41, 67 

! organs of generation, male, iii . 664-667 

I female, iii. 694 

organ of hearing, iii. 232 
organ of smell, iii. 212 
organ of taste, iii. 195 
prosencephalon, iii. 114, 120, 121, 123 
pancreas, iii. 495 
salivary gland.s, iii. 403 
skull, ii. 451, 453 
spleen, iii. 561 
teeth, iii. 340, 343, 352, 355 
thyroid gland, iii. 565 
urinary system, iii. 607 
vertebral column, ii. 447 
Equus a.siniis, alimentary canal of, iii. 448 
epiderm, iii. 616 
prosencephalon, iii. 142 
I thyroid gland, iii. 565 
1 Equus quagga, alirntmtary canal of, iii. 

I 448 

Plquus zebra, alimentary canal of, iii. 448 
epiderm, iii. 616 
habitat, iii. 794 
Esquimaux, skull of, ii. 566 
Erethizon, liver of. iii. 485 
mammary glands, iii. 775 
Ericulus, teeth of, iii. 309 
Erinaceidm, characters of, ii. 296 
skull, ii. 390 

Erinaceus eiiro})cus, alimentary canal of, 
iii. 427 
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Enuacous ouro\vu8 —(VMf iriua?. 
arises, \\'\. 5S5 
Win, \u. \08 
diameters, li. '297 
development, lii. 730 
lialr, ill. 621 
liytiemation, ii. 4 
larynx, iii. 586 
liver, iii. 484 
lungs, iii. 577 
mammary glands, iii. 776 
mnseles, iii. 18, 19 
myolon, iii. 74 

organs of generation, male, iii. 689 
pancreas, iii. 494 
placenta, iii. 730 
pi’osenceplialon, iii. 109 
skull, ii. 390 
spines, iii. 622 
spleen, iii. 560 
subcutaneous fat, iii. 785 
teeth, iii. 308 
thymus, iii. 568 
veins, iii. 553 
vertebral column, ii. 385 
Erythrinus, skull of, i. 116, 120 
Erythrinus salvus, air-bladder of, i. 492 
Erythrinus tseniatus, air-bladder of, i. 492, 
494 

Eryx jaculus, teguments of, i. 551 
Esocidie, characters of, i. 10 
Esox lucius, characters of, i. 10 
alimentary canal, i. 421 
arteries, i. 489 
development, i. 603 
nen'cs, i. 297 

^ organ of sight, i. 310 
ovulation, i. 595 
teeth, i. 381 
teguments, i. 547 
veins, i. 468 
vertehral column, i. 37 
Eucnomis, teeth of, i. 392 
Euphones, alimentary canal of, ii. 161, 166 
Eupliysctes simus, lai^mx of, iii. 588 
skull, ii. 426 
teeth, iii. 281 
v(^rtcbral column, ii. 416 
Eiipleres, limb-hones of, ii. 510 
Euphractus, teeth of, iii. 273 
Evolution, iii. 809 

ExocceUis, alimentary canal of, i. 413 
locomotion, i. 257 
myeleiicephaloii, i. 271 
pectoral limb, i. 168 
teeth, i. 377 
Eye of Aves, ii. 142 
of Fishes, i. 332 
Mammalia, iii. 246 
Reptiles, i. 337 

I RACIAL angle, progression of the, ii. 571, 

J 672 


I Fceoes, potrifiod, or coprolitrs, of Fishes, i. 424 

i Eoptiles, i. 446 

! raleo, adrenals of, ii. 230 

appendages of the tegument, ii. 235 
male organs of generation, iii. 242 
organ of sight, ii. 137 
osseous system, ii. 32, 60 
Feathers, component parts of, ii. 233 
development, ii. 236 
moulting, ii. 241 

nnctnous fluid of Birds for lubricating, 
ii. 230 

Felidse, alimentary canal of, iii. 433 
brain of, iii. 116, 118, 125, 128 
locomotion, iii. 69 
mammary glands, iii. 780 
muscles, iii. 51 
nerves, iii. 159, 181 
organ of heiiring, iii. 235 
osseous system, ii. 488 
skeleton, iii. 488 
lirnb-boncs, iii. 510 
placenta, iii. 742-744 
teeth, iii. 328, 330, 369, 370 
urinary system, iii. 605 
Felis caracal, organ of taste of, iii. 198 
Felis catns, development of, iii. 743 
larynx, iii. 596, 597 
mammary glands, iii. 780 
muscles, iii. 61 

organs of generation, male, iii. 671 
organ of sight, iii. 252 
pancreas Asellii, iii. 512 
prosencephalon, iii. 116, 117 
skull, ii. 506 
tongue, iii. 198 
Felis jubata, brain of, iii. 118 
.Felis leo, alimentary canal of, iii. 442, 443 
arteries, iii. 635 
development, iii. 744 
hcarr, iii. 523 
larynx, iii. 696 
liver, iii. 485 
locomotion, iii. 70 
lungs, iii. 582 
mane, iii. 641 
muscles, iii. 51 

organs of generation, male, iii. 671 
organ of sight, iii. 262 
organ of smell, iii. 216 
osseous system, ii. 288 ef seq. 
limb-bones, ii. 288, 289 
vertehral column, ii. 492, 493 
skull, ii. 605, 506 
pelvis, ii. 511 
pancreas, iii. 496 
teeth, i. 362; iii. 327, 328 
tongue, iii. 198 

Felis leopardus, female organs of genera- 
tion of, iii. 700, 701 
organ of taste, iii. 198 
Felis ontj-a, nerves of, iii. 175, 181 
organ of taste, iii. 198 
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Felis tigris, heart of, iii, 523 
lungs, iii. 682 

male organs of generation, iii. G71 
organ of hearing, iii. 234, 235 
skull, li. 505 

Fiber zibothicus, skull of, ii. 375 
Fins of Fishes, i. 252 
Fishes. Sf'c Pisces 
Fistularhdse, characters of, i. 13 
vcrt.cbral column, i. 41 
Fissirostres, characters of, ii. 10 
beak, ii. 147 

Flat-head Indian, skull of, ii. 5G8 
Flounders, absence of air-bladder in, i. 255 
Fcetal formation in Mammalia. See Mam- 
malia. 

modifications, iii. 751 
circulation, iii. 755 
Foot in Artiodact yla, ii. 286 
Prut a, ii. 409 
Carnivora, ii. 507 
Man, ii. 576 
Marsupialia, ii. 361 

pcMles saltalorii, ii. 361 
Perissodactyla, ii. 457 
Proboscidia, ii. 444 

Formifiiction, iii. pp. 499, 514, 550, 563, 
569, 813 

Fox, bones, ii. 492, et sfq. 
brain, iii. 118 
nerves, ii. 175 

Francoliniis, dorsal vortebrm and sternum 
of, ii. 27 

Fratcrcnhi, external sexual characters of, 
ii. 257 
skull, ii. 61 

Fregilus, bones of, ii. 32 
Fringilla, characters of, ii. 10 
organ of touch, ii. 128 
Fringilla cadebs, eggs of, ii. 257 
Frog, blood-discs of, i. 4 
Galvan i’s, i. 315-317 
locomotion, i. 262 
Fuliea, locomotion of, ii. 113 
Furnaria, lower larynx of, ii. 224 


G ADID.®, characters of, i. 10 
air-bladder, i. 493 
liver, i. 425 
pectoral limb, i. 163 
pyloric appendages and pancreas, i. 
430 

Gadiis, air-bladder of, i. 492 
alimentary canal, i. 421 
arteries, i. 489 
gills, i. 481 
nerves, i. 297 

pyloric appendages ami pancreas, 
432 

veins, i. 468 
vertebral column, i. 43 

VOL. III. 


GAS 

Gad us seglefinus, vertebral column of, i. 40 
Gadus callarias, gills of, i. 483 
Gadus navaga, air-bladder of, i. 492 
vertebral column, i. 38 
Galago calabariensis, cajcum of, iii. 431 
Galago Moholi, emeum of, iii. 431 
Galaxidm, characters of, i. 10 
Galbulida?, characters of, ii. 11 
Galeeynus, skull of, ii. 503 
Galcocerdo, alimentary canal of, i. 422 
Galeopithccus Philippinensis, alimentary 
canal of, iii. 429 
intorfemoral flap, iii. 612 
lungs, iii. 577 

male organs of generation, iii. 657 
vertebral column, il. 512 
Galeopithccus volaiis Ternminckii), 

alimoutary canal of, iii. 430 
limb-bones, ii. 393 
nipples, iii. 776 
skull, ii. 387, 526 
spleen, iii. 562 
tc’elh, iii. 311, 312, 313, 369 
vertebral column, ii. 512 
Galcsaiirus, alimentary canal of, i. 409 
Galcus, alimentary canal of, i. 423 

female organs of generation, i. 575 
heart, i. 474 
kidneys, i. 536 
liver, i. 426, 427 
organ of sight, i. 334, 336 
I vertebral column, i. 33, 35 
Galiotes, alimentary canal of, i. 445 
Gall-bladder, i. 427. 451 ; ii. 177 
Gallinacei, characters of, ii. 10 
alimentary canal, ii. 159, 173 
lorsal vertobrm and sternum, ii. 27 
I vsacral vertebrae, pelvis, and tail, ii. 32 
I Gallinula, locomotion of, ii. 113 
Gallophasis, generative system of, ii. 257 
Gallus, characters of, ii. 14 
alimentary canal, ii. 159 
arteries, ii. 203 
development, ii. 259-262 
generative system, ii. 213, 215, 216- 
254 

nerves, ii. 122 
nervous system, ii. 118 
osseous system, ii. 14, 27 
Galvani’s frog, i. 315-317 
Ganglionic, or sympathetic systtun, i. 267 
Ganglions, absorbent, iii. 504 
I Gauocephala, characters of, i. Xxxvlii. 6, 14 
skull, i. 85 

Ganoidei, characters of, i. xxvli, 12 
vertebral column, i. 41 
Gastorosteus, alimentary canal of, i. 421 
dennoskoleton, i. 193 
developTnent, i. 601 
fecundation, i. 614 
nerves, i. 298 
ovulation, i. 694, '596, 599 
Gastorosteus, ovarian egg of the, i. 1 
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Gastric glands, ii. 162 
Gastric juice, iii. 437 
Gavialis, liver of, i. 451 
teeth, i. 406 

Gecko, reproducible parts of, i. 567 
locomotion, i. 263 
Gcckotida), larnyx of, i. 529 
locomotion, i. 263 
Gempyliis, characters of, i. xxxiii 

changes accompanying growth, i. 612 
Generative products and development in 
Ha?matocrya, i. 589 
Fishes, i. 589 
Reptiles, i. 614 
Avcs, ii. 251 

Geococcyx, osseous system of, ii. 31, 36 
Geomys, thyroid gland of, iii. 565 
Gibbons, hones of, ii. 520, H seq. 
muscles, iii. 53 

Giraffe, alimentary canal of, iii. 471 
hones, ii. 463, 475 
brain, iii. 114 
development, iii. 739 
horns, iii. 627 
liver, iii. 480 

Glareola, sternum of, ii. 26 
Glaucopis, wattles of, ii. 129 
alimentary canal of, ii. 171 
Glisorex. See Tnpaia 
Glyphisodon saxatilis, liver of, i. 426 
Glyphisoclon, vertebral column of, i. 44 
Glyptodon, characters of, ii. 297 
limb-bones, ii. 409 
skull, ii. 405 
teeth, iii. 271, 273 
vertebral column, ii. 393, 395 
Gyps, osseous system of, ii. 17, 35, 40 
Goat, organs of generation of, iii. 667 
Gobicsox, gills of, i. 480 
Gobioid fishes, locomotion of, i. 257 
Gobius, fecundation of, i. 614 
Gobiidse, characters of, i. 14 
Goniopliolis, dernioskoleton of, i. 199 
Goose, blood-discs of, i. 4 
Gorilla. See Troglodytes Gorilla 
Goura, characters of, ii. 10 
dorsal vertebrse, ii. 27 
sacral vertebrae, pelvis, and tail, ii. 

32 

sexual characters, ii. 257 
Grallatores, character of the order, i. 9 
Grampus, teeth of, iii. 281 
Greenlander, skull of, ii. 565 
Grus, alimentary canal of, ii. 173 
pancreas, ii. 178 

Grus antigone, lower larynx of, ii. 220 
osseous system, ii. 22, 81 
Gnis cinerea, air-passages of, ii. 218 
lower larynx, ii. 220 
skull, ii. 58 

Grus Stanleyanus, lower larynx of, ii. 220 
Grus virgo, generative system of, ii. 243 
liver, ii. 177 


KMK 

Grus virgo — continued, 
lower larynx, ii. 220 
osseous system, ii. 23, 81 
Guinea-pig, generation, iii. 727 
organs of generation, iii. 652 
osseous system, ii. 380 
Gulo arcticus, organ of hearing of, iii. 235 
skull, ii. 501 

Gymnarchus niloticiis, electric organs of, 
i. 350 

Gymnetrus, air-bladder of, i. 493 
Gymnodontida), characters of, i. 11 
Gymnopus, skull of, i. 130 
vertebral column, i. 61 
Gymnotidaj, characters of, i. 10 
pelvic arch-and limb, i. 179 
Gymnotus, alimentary canal of, i. 409 
arteries, i. 489 
electric organs, i. 350 
muscles, i. 211 
vertebral column, i. 43 
Gymnotus electricus, air-bladder of, i. 491 
electric organs, i. 352-354, 356. 357 
male organs of generation, i. 569 
nerves, i. 273 

Gymnotus cquilabiatus, air-bladder of, i. 
491 

Gymnura, skull of, ii. 390 
teeth, iii. 308 

Gypogeranus, alimentary canal of, ii. 171 
osseous system, ii. 23 

dorsal vortebrie and sternum, ii. 

23 

pelvic limbs, ii. 81 
Gyrcncpphala, characters of, ii. 272 
bruin, iii. 114 
generative organs, iii. 641 
locomotion, iii. 24 
nerves, iii. 147 

nervous system, iii. 98, et scq. 
mesoncephalon, iii. 98 
prosencephalon, iii. 99, 114, 128 
urinary system, iii. 604 
Gyrosteus, growth of bones of, i. 24 


JJABROCOMA, mammary glands of, iii. 

llsematocrya, absorbent system of, i. 455 
circulating system, i. 463 
digestive system, i. 359 
dental tissues, i. 359 
generative products and development, 
i. 589 

generative system, i. 568 
muscular system, i. 200 
nervous system, i. 266 
nervous tissues, i. 266 
myencophalic membranes, i. 296 
sympathetic nervous S 3 "stem, 
318 

organ of touch, i. 325 
taste, i. 327 
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ILs[imB.tocryn.— continued. 
organ of smell, i. 328 
sight, i. 331 
hearing, i. 342 
electric organs, i. 350 
orders, i. 9 

I. Cirrostomi, i. 9 
TI. Cyclostonii, i. 9 

III. Malacoptori, i. 9 

IV. Anacanthiui, i. 10. 

V. Acanthopteri, i. 10 

VI. Plcctognathi, i. 11 

VII. Lophobraiichii, i. 12 

VIII. Ganoidci, i. 12 

IX. Holocephali, i. 12 

X. Plagiostomi, i. 13 

XI. Protopteri, i. 14 

XII. Ganoeephahi, i. 14 

XIII. IjabyrinthodoTitia, i. 14 

XIV. Bfitrachia, i. 15 

XV. Ichthyopterygia, i. 25 

XVI. Sauro pterygia, i. 16 

XVII. Anoniodoutia, i. 16 
XVIII. Oheloniu, i. 16 

XIX. Lacertilia, i. 17 

XX. Ophidia, i. 17 

XXI. Crocodilia, i. 17 

XXII. Dinosaiiria, i. 18 
XXIII. Pterosauria, i. 18 
osseous system, i. 19 

classes of hone, i. 26 
composition of hone, i. 19 

proportions of hard and soft 
matter, i. 19 

chemical composition, i. 20 
dermoskeleton, i. 193 
development, i. 21 
growth, i. 23 
pectoral limb, i. 163 
pelvic arch and limb, i. 179 
scapular arch and nppendag 
161 

skull, i. 71 
vertebrae, i. 30 

peculiar and ductlcs.s glands and re- 
producible parts, i. 562 
respiratory system, i. 463 
subclasses, i. 7 

I. Dermopteri, i. 7 
II. Teleostomi, i. 7 

III. Plagiostomi, i. 8 

IV. Dipnoa, i. 8 

V. Monopnoa, i. 9 

tegumentary system, i. 545 
urinary system, i. 533 
Hsematopus, pelvic limbs of, ii. 82 
Ilaunatotherma, characters of, i. 7 ; ii. 1-4 
thermogenous organic conditions, ii. 1 
their results, ii. 3 
characters and orders of the class 
Aves, ii. 5 

Hair of Mammals, iii. 616 
Ilaladroma, pelvic limbs of, ii. 82 


HEL 

Ilalimtus, bones of, ii. 21 
alimentary canal, ii. 171 
Ilalichorus griseus, vertebral column of, ii. 

494 

Halicore, characters of, ii. 281, 296 
alimentary canal, iii. 455, 457 
arteries, iii. 547 
heart, iii. 521 
larynx, iii. 589 
lungs, iii. 579 
muscles, iii. 2 

organs of generation, male, iii. 6G0 
female, iii. 692 
organ of sight, iii. 250 
organ of smell, iii. 21 0 
organ of taste, iii. 194 
pancreas, iii. 495 
skeleton, i. 361, 363, 365 

vertebral column, ii. 429, 430 
skull, ii. 433-436 
spleen, iii. 561 
teeth, iii. 283 
urinary system, iii. 607 
Halcyon, eggs of, ii. 256 
Halieiitoa, gills of, i. 478 
organ of touch, i. 326 

Halmalurus Bennettii, female organs of 
generation of, iii. 683 
limb-bones, ii. 318 
skull, ii. 345 

Hamsters, alimentary CJiiial of, iii. 421 
Hand of Man, ii. 573 

Hapale jacchus, alimcntaiy canal of, iii. 
432 

development, iii. 745, 746 
larynx, iii. 598 

osseous system, ii. 515, 529, 530, 
542 

prosencephalon, iii. 129 
teeth, iii. 315 

Hapalotis, teeth of. iii. 365, 382 
Haplodactylus, teeth of, i. 371 
Hare. JSee J^c'pus 

Ilarpactes, dorsal vertebrae and sternum of, 
ii. 28 

Harpeia, bones of, ii. 17, 36 
Hatteria. See Rhynchocophalus. 

Hedgehog, alimentary canal of, iii. 427 
bones, ii. 385 
muscles, iii. 18 
organs of generation, iii. 656 
organ of hearing, iii. 229 
spines, iii. 621 
teeth, iii. 301 

Helamys capensis, glands opening upon the 
head, iii. 634 

and upon the trunk, iii. 636 
heart, iii. 520 
limb-bones, ii. 382, 383 
liver, iii. 485 
lungs, iii. 677 
skull, ii. 376 
vertebral column, ii. 365 


3 L 2 
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Holiastes insolatus, air-bladder of, i. 491 Homo, char.‘ictors of, i. xii, xvi, xxx\r, 


Helostomiis, teeth of, i. 373 
Ilemipodius, sacral vertebrae of, ii. 32 
Heptanchus, heart of, i, 474 
vertebral column, i, 37 
Hcrpestes Ichneumon, mammary glands of, 
iii. 780 
skull, ii. .503 

Herpestes mungo, skull of, ii. .503 
Hcrpestes pencilluta, limb-bones of, ii. 610 
Herpoton tentaculatura, organ of taste of, 
i. 327 

tegument, i. 655 
Heterobranchus, gills of, i. 487 
skull, i. 108 

Heterodon niger, alimentary canal of, i. 
4*46 

Ileteropygii, characters of, i. 10 
Ilexanthus, heart of, i. 474 
Hexaprotodon, teeth of, iii. 347 
Hierax, osseous system of, ii. 27 
Hippocampidie, charncters of, i. 12 
Hippocampus, marsupium of, i. 614 
Hippoglossus vulgaris, nerves of, i. 207, 
299 

skull, i. no, 112, 115 
vertebral column, i. 42 
Hippohyus, teeth of, iii. 343 
Hipparion, characters of, i. xxxii ; ii. 284; 
iii. 791 

limb-bones, ii. 309 
teeth, iii. 340, 342 

Hippopotamus, characters of, ii. 283, 286 
alimentary canal, iii. 466 
bones, ii. 457, 465 
lungs, iii. 581 
organ of hearing, iii. 232 
organ of smell, iii. 213 
prosencephalon, iii. 122 
skull, ii. 465, 466, 470 
teeth, iii. 340, 343, 346. 

Hirundo, characters of, ii. 10 
eggs, ii. 257 
muscular system, ii. 84 
Histiophorus, skull of, i. 114 
Histiuriis {syn. Lophura), dcrraoskeleton 
of, i. 198 
teeth, i. 402 
teguments, i. 556 
vertebral column, i. 60 
Histology, i. viii. 

Holconoti, development of, i. 614 
Hog. See Sus 

Holocentrum hastatum, liver of, i. 425 
Holocentrum orientale, liver of, i. 425 
Holocentrum 8ogho, alimentary canal of, 
i. 438 

liver, i. 426 

Holocephali, characters of, i. 12 
vertebral column, i. 35, 41 
Holoptychidse, characters of, i. 12 
Holoptychius, teeth of, i. 378 
Homalopsis, teeth of, i. 395 


xxxviii, 4; ii. 273, 274, 291, 292, 
293, 298 

absorbent system, iii. 507 
alimentary canal, iii. 383, 434 
mouth, iii. 39 G 
salivary system, iii. 405-409 
stomach, iii. 434 
arteries, iii. 426 
intestinal canal, iii. 437 
colon, iii. 440 
duodenum, iii. 441 
cfficum, iii. 441 
rectum, iii. 442 
pelvis, iii. 442 
circulating system, iii. 513 
blood, i. 4 ; iii. 514 
heart, iii. 525, 530-532, 534, 548 
pericardium, iii. 625 
auricles, iii. 525-527 
ventricles, iii. 526, 527 
endocardium, iii. f528 
muscles of, iii. 528 
arteries, iii. 534, 548 
veins, iii. 550, 656 
spleen, iii. 657, 562 
thyroid, iii. 560 
thymus, iii. 568 
adrenals, iii, 569, 570 
generative system, iii. 673 
male, iii. 612, 673, 674 
female, iii. 704-708 
ovaria, iii. 701 
oviduct, iii. 704 
uterus, iii. 704 
external parts, iii. 708 
generative products and development, 
iii. 709 

ovulation, iii. 709 
ovipout, iii. 711 
corpus liiteum, iii. 712 
impregnation, iii. 713 
development, iii. 747, et seq. 
liver, iii. 483, 487, 488, 491 
locomotion, iii. 64, 65 
lymphatics, iii. 507, 509-511 
mammary glands, iii. 780 
muscles, iii. 54, 55, 59, 61, 62 
nerves, iii. 148, 149, 151, 157-169, 
161, 166, 167, 178, 181, 184 
nervous system, iii. 75 

inyelon, iii. 75, 76, 77, 78 
encephalon, iii. 79 
macromyelon, iii. 81, 82, 83, 85 
cerehellnm, iii. 88, 92-97 
prosencephalon, iii. 124, 127-136, 
138-141, 142 
cerebrum, iii. 134 
size of brain, iii. 144-146 
membranes of the brain, iii. 145 
nerves, iii. 146 
ganglia, iii. 184 
organ of touch, iii. 187 
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Homo: — continued, 

organ of taste, iii. 190, 199-203 
smell, iii. 206, 217 
hearing, iii. 219, 225, 237- 
254 

bones of ear, iii. 219, 237 
muscles, iii. 240, 245 
sight, iii. 216, 252 
eyeball, iii. 246 
appendages of the eye, 
iii. 258 

parallel between the eye 
and the ear, iii. 261 
osseous system, ii. 294, 553 
skeleton, ii. 553 

A. vertebral column, ii. 553 
cervical, ii. 554, 557 
dorsal, ii. 554 
lumbar, ii. 554 
sacral, ii. 556 
11. skull, ii. 558 
form, ii. 558 
bones of, ii. 559 
ethnic variety, ii. 563 
C. bones of the limbs, ii. 572 
clavicle, ii. 572 
scapula, ii. 572 
humerus, ii. 573 
radius, ii. 573 
ulna, ii. 573 
hand, ii. 573 
ilium, ii. 574 
ischium, ii. 574 
pelvis, ii. 575 
foot, ii. 576 
femur, ii. 577 
tibia, ii. 577 
patella, ii. 581 

relations to archetype, ii, 581 
pancreas, iii. 497 

l)63ritoncum and appendages, iii. 500, 
501 

respiratory system, iii. 572 
lungs, iii. 573, 582 
larynx, iii. 582, 583, 601, 632 
teeth, iii. 266, 322, 362, 376 
tegiunentary sysleni, iii. 613 
derm, iii. 613 
epiderm, iii. 614, 616 
hair, iii. 619, 621 
nails, iii. 623 
urinary system, iii. 608 
Homology, i. vii, xii, xviii, 243 ; ii. 310 ; 
iii. 787 

Homopus, pectoral limb of, i. 173 
Hoofs of Mammalia, iii. 623, 624 
Hoplurus, teguments of, i. 556 
Horse. See Equiis caballus 
Horse, alimentary canal, iii. 458 
brain, iii. 85, 120, 121 
gestation, iii. 735 
locomotion, iii. 67 
mouth, iii. 391 


IIYIj 

Horse — co?iim ucd, 
muscles, iii. 27 
organs of generation, iii. 664 
organ of hearing, iii. 233 
organ of sight, iii. 251 
organ of smell, iii. 212 
osseous .system of, ii. 447 
.salivary glands, hi. 403 
teeth, iii. 353 

Hottentot, skull of the, ii. 504 
Human anatomy {syn. Anibropotomy), i. 
viii 

Hyaena crocuta, teeth of, iii. 329 
vertebral column, ii. 492 
Jfyaena vulgaris, anal glands of, iii. 637 
development, iii. 744 
limb-bones, ii. 510 
mammary glands, iii. 780 
nervc.s, iii. 177 
skull, ii. 504 
teeth, iii. 329, 330 
tongue, iii. 198 
urinary organs, iii. 605 
vertebral column, ii. 492 
Hyaenodou, teeth of, iii. 339, 340, 372, 375, 
790 

Hybodontidre, characters of, i. 13 
Hybodn.s, teeth of, i. 378 
Hydraspis, pelvic arch and limb of, i. 186 
Hydroeoerus, limb-bones of, ii. 380 
mammary glands, iii. 775 
mouth, iii. 387 

organs of generation, male, iii. 686 
skull, ii. 369, 377 
teeth, iii. 296, 298 
H^'drocyon, skull of, i. 116 
Hydromys, lirnb-boncs of, ii. 382 
teeth, iii. 265, 300 
vertebral column, ii. 365, 366 
Hydropbidas tegument of, i. 554 
Hydrophis, alimentary canal of, i. 444 
teeth, i. 397 
poison-gland, i. 563 

Ilydrosorex fodiens, alimentary canal, iii. 
429 

organ of hearing, iii. 229 
teeth, iii. 306 

Ilydrosorex Herinanni, teeth of, iii. 305, 306 
I Hyla, alimentary canal of, i. 434, 436 
I locomotion, i. 262 

I organ of taste, i. 327 

Hyla verrucosa, i. 527, 528 
teguments, i. 558 

Hylceosaurus, dormoskeloton of, i. 199 
Hylidje, characters of, i. 15 
Hylobates agilis, alimentary canal of, iii. 
433 

development, iii. 746 
larynx, iii. 600 
locomotion, iii. 71 
Inngs, iii. 582 
muscles, iii. 53 
prosencephalon, iii. 124 
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Ilylobatos louciscns, osseous system of, ii. 
520, 544 

Hylobates syndactylus, characters of, ii. 
291 

osseous system, iii. 520, 533, 552 
Hylorana, teguments of, i. 552 
Hyopotamus, teetli of, iii. 343, 375 
Ifyperanodon, teeth of, i. 403 
Hyperoodon, alimentary canal of, iii. 453, 
454 

female organs of generation, iii. G91 
heart, iii. 521 
limb-bones, ii. 429 
Hypostoma, air-bladder of, i. 493 
Hypsiprymnus, characters of, ii. 275 
limb-bones, ii. 351, 354-361 
mammary glands, iii. 76t) 
organs of generation, male, iii. 648 
prosencephalon, iii. 105 
skull, ii. 336, 339-345, 347, 349, 350 
teeth, iii. 290, 291 
voi’tet)ral column, iii. 329, 331, 333 
Hypsiprymnus (Hendrolagus) doreocepha- 
lus, alimentary canal of, iii. 415, 419 
limb-bones, ii. 363 
teeth, iii. 290 

Hypsiprymnus murinus, f(‘malo organs of ) 
generation of, iii. 681 
teeth, iii. 290 
skull, ii. 345 

Hypsiprymnus myosurus, skull of, iii. 338, 
342 

Hyps i pry m nils setosus, alimentary canal of, 
ii. 420 
skull, ii. 345 

Hypsiprymnus (l)t'ndrolagus) nr.sinus, 

Jimb-bones of, ii. 360, 363 
organ of taste, iii. 191 
skull, ii. 338, 342, 345 
teeth, iii. 290 
vertebral column, ii. 332 
Hyracotlierium, geological remains of, iii. 
792 

teeth, iii. 375 

Ilyrax capensis, characters of, ii. 284, 285 
alimentary e.aiial, iii. 461, 463 
limb-bones, ii. 455 
crgaii of hearing, iii. 233 
organs of generation, male, iii. 664 
prosencephalon, iii. 114, 120, 121,' 123, 
133, 143 

teeth, iii. 340, 342, 356 
thymus, iii. 567 
thyroid gland, iii. 565 
skull, ii. 450 
urinary system, iii. 606 
vertebral column, ii. 416 
Hystricidse, vertebral column of, ii. 364 
Hystrix aloplia, vertebral column of, ii. 

364 

Hystrix cristate, characters of, ii. 269 
liver, iii. 485 
mammary glands, iii. 775 


INS 

j Hystrix continued. 

nerves, iii. 161 

organs of generation, male, iii. 650 
organ of taste, iii. 192 
prosencephalon, iii. 110 
scales, iii. 623 
skull, ii. 372, 373 
vertebral column, ii. 364 


TCHTHYOMOKPHA (Ur<xlela)r cliarac- 
X tors of, i. 15 
muscles, i. 215 
skull, i. 89 

Ichthyopterygia, characters of, i. xxxviii, 
15 

pectoral limb, i. 170 
skull, i. 158 
teeth, i. 388 
vertebral column, i. 50 
Ichthyosaurus, characters of, i. 16 
organ of sight, i. 339 
organ of smell, i, 330 
pectoral limb, i. 170, 171 
pelvic arch and limb, i. 181 
skull, i. 158 
teeth, i. 364; iii. 281 

Ichthyosaurus communis, vertebral column 
of, i. 50 

Ichthyo.saurus tenuirostris, skull of, i. 159 
Ictides. See Arctictis 
iguana, skull ofj i. 157 
stornum, ii. 21 

vertebral column, i. 57 

j Iguana tuberculala, organ of taste of, i, 

I 327 

skull, i. 158, 159 
teeth, i. 403 

I teguments, i. 656 

I vertebral column, i. 60 

j Iguanidse, teeth of, i. 402 
Iguanodon, characters of, i, xxxviii, 18 
teeth, i. 387, 403 

Implacentalia, characters of, ii. 270 
development, iii. 715-722 
Impregnation in Mammalia, iii. 711 
Incubation of Aves, ii. 256 
exception to, ii. 256 
periods of, ii. 257 
Indri, bones of, ii. 515, et se^. 

Iiigluvics, or crop, of Aves, li. 158 
iiiia, teeth of, iii. 282 
Insoctivora, alimentary canal of, iii. 427 
characters of, ii. 277 
development, iii. 730 
heart, lii, 520 
liver, iii. 483 
muscles, iii. 17 
organs of generation, iii. 665 
male, iii. 655 
female, iii. 687 
organ of hearing, iii. 229 
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Insectivora — continued. 
organ of sight, iii. 246 
organ of smell, iii. 209 
osseous system, ii. 385 
skeleton, ii. 385 

A. vertebrate column, ii. 385 

cervical, ii. 385 
dorsal, ii. 385 
lumbar, ii. 385-387 
sacral, ii. 385-387 
caudal, ii. 385-387 

B. skull, ii. 387 

C. bones of the limbs, ii. 390 

clavicles, ii. 390 
scapula, ii. 390-392 
humerus, ii. 390-392 
radius, ii. 390-392 
ulna, ii. 390 
fibula, ii. 390 
tibia, ii. 390 
carpals, ii. 390 
p.'incrcas, iii. 494 
salivary glands, iii. 399 
spleen, iii. 502 
teeth, iii. 301 
thymus, iii. 568 
tongue, iii. 192 

Irrolalivo repetition, i. ix, x, xxxvi; iii. 789 
Ivory, iii. 363 


J AGUAR, nerves of, iii. 175 

Jerboa, bones of, ii. 304, 370, 382 
locomotion, iii. 68 

Johnius lobatus, alimentary canal of, i. 418 
artcru'S, i. 490 

Julis, alimentary canal of, i. 410 


K ALOPIIRYNUS, teguments of, i. 552 
Kangaroo, development, iii. 718 
locomotion, iii. 68 
m\iscle.s, iii. 14 
organs of generation, iii. 647 
osseous system, ii. 329 
skeleton of, ii. 329 
stomach, iii. 413 

rumination, iii. 415 
teeth, iii. 291 


L ABEOBARBUS, alimentary canal of, i. 
410 

Labrax lupus, liver of, i. 428 
Labrus, alimentary canal of, i. 410, 421 
changes accompanying growth, i. 612 
teeth, i. 363, 370-372, 375, 377 
Labrus turdus, liver of, i. 426 
Labyrinthibranchii, i. 487 
Labyrinthodon leptognathus, teeth, i. 392, 
393 

Iiabyrinthodon salamandroides, dental tis- 
sues of, i. 363, 366 


LAG 

Labyrintliodontia, characters of, i. xxxviii, 
14 

Lacerta, alimentary canal of, i. 433 
development, i. 633 
male organs of generation, i. 579 
myolencophalon, i. 292 
pectoral limb, i. 174 
teeth, i. 401 
vertebral column, i. 58 

Lacerta agilis, larynx of, i. 529 
oviposition, i. 617 
ovulation, i. 592 
teeth, i. 401 

Lacerbi bilineat a, female organs of genera- 
tion of, i. 586 

Lacerta muricata, adrenals of, i. 544 
reproducible parts, i. 567 
teguments, i. 555 
thyroid hody, i. 565 

Lacerta oeollata, adrenals of, i. 544 
alimentary canal, i. 440 
heart, i. 508 

male organs of generation, i. 580 

Lacortidie, skull of, i. 157 
teeth, i. 401 
verte.bral column, i. 58 

Lacertilia, arteries, i. 519 
absorbents, i. 461 
characters of, i. 17 
fecundation, i. 615 
oviposition, i. 617 
development, i. 633 
genei’jitivo organs, i. 580 • 

male, i. 580 
female, i. 583 
heart, i. 509 
kidneys, i. 540 
larynx, i. 528 
liver, i. 418 
locomotion, i. 262 
lungs, i. 525 

respiratory actions, i. 631 
osseous system — 

vertebral column, i. 67 
skull, i. 154 

reproduction of parts, i. 567 
teeth, i. 387, 392, 401 
teguments, i. 555 
scales, i. 555 

thyroid body or gland, i. 665 
veins, i. 504 

Lactarius delicatulus, air-bladder of, i. 492 

Lagomys alpinus, limb-bones of, ii. 385 
organs of generation, male, iii. 660 
skull, ii. 377 
tooth, iii. 296, 299 

Lagostomus, mammary glands of, iii. 775 
organs of generation, female, iii. 686, 
687 

spleen, hi. 560 
teeth, iii. 299 

Lagotis, organ of hearing of, iii. 230 
vertebral column, ii. 366 
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Lamellirosiratse {syn. Auaticloe), characters 
of, ii. 9 

air-passages, ii. 218 
alimentary canal, ii. 16^, 172 
locomotion, ii. 112 
myelencephalon, ii. 123 
skull, ii. 61 
sternimi, ii. 26 
tongue, ii. lol, 153 
Lamua, alimentary canal of, i. 423 
arteries, i. 490 
heart, i. 474 
muscles, i. 204 
teeth, i. 364, 3<2, 377, 382 
vertebral column, i. 33 
Lamna cornubica, teeth of, i. 366 
vertebral column, i. 33 
Lamnidse, characters of, i. 13 
Lamplugus. Sef‘ Coryplnona 
Lamprey, cerebellum of, i. 287 
Lampris, pectoral limb of, i. 166 
Lancelet, nervous system of, i. 268-270 
Lanins, beak of, ii. 146 
osseous system, ii. 20 

dorsal vertebrje and sternum, ii. 20 
skull, ii. 57 

Laplander, skull of, ii. 666 
Lams, characters of, ii, 9 
eggs, ii. 255 
myelencephalon, ii. 119 
Lates niloticus, liver of, i. 426 
Latcs nobilis, liver of, i, 427 
Latluimus, skull of, ii. 58 
Latissimus dorsi muscle in Ayes, ii. 95 
Leiodon, teeth of, i. 387 
Lemmus, liver of, iii, 485 
Lemur, species, as compared with that of 
Cheiromys, i, xxxv 
Lemur albifrons, brain of, iii. 91 
development, iii. 745 
organ of smell, iii. 216 
organs of generation, male, iii. 672 
female, iii. 702 
Lemur Catta, bruin of, iii. 124, 125, 130 
mammary glands, iii. 780 
muscles, iii. 53 
organ of hearing, iii. 235 
Vf rtebral'column, ii. 512 
Lemur macaco, brain of, iii. 146 
lungs, iii. 582 
skull, ii. 529 

Lemur mongoz, larynx of, iii. 597 
lungs, iii. 582 
mouth, iii. 395 
spleen, iii. 562 
tongue, iii. 198 

Lemur nigor, ctecum of, iii. 432 
tongue, iii. 199 

Lemur nigrifrons, anal glands of, iii. 637 
hair, iii. 619 

vertebral column, ii. 513 
Lemuridse, brain, iii. 124 
characters of, ii. 290 


LEP 

Ivcmurida } — conii n iied. 

alimentary canal, iii. 430 
heart, iii. 525 
larynx, iii. 597 
mammary glands, iii. 7 SO 
month, iii. 395 

organs of generation, male, iii. 672 
female, id. 701 
organ of hearing, iii. 235 
organ of smell, iii. )216 
organ of taste, iii. 198 
osseous system, ii. 512 
prosencephalon, iii. 124 
teeth, iii. 314 

Lepadogaster, gills of, i. 484 
licpidoganoidei, characters of, i. 12 
existing and extinct, i. 247 
Lepidoidci, characters of, i. 12 
Lepidopus argenteiis, liver of, i. 426 
pelvic arch and limb, i. 180 
Lepidopus, characters of, i. xxxviii 
Lepidosiron annectens, circulating and re- 
spiratory organs of, i. 475, 198 
Lepidosiren paradoxa, characters of, i. 5 
air-bladder, i. 494, 499 
alimentary canal, i. 415, 417 
gills, i. 481 
liver, i. 448, 451 
locomotion, i. 249 

myelencephalon, i. 277-280, 282-285, 
290 

nerves, i. 298 
pectoral limb, i, 165 
pyloric ai)pendago and pancreas, i. 425 
skull, i. 82, 83, 107 
scapular arch, i. 163 
teeth, i. 370, 378, 383, 385 
vcu’tcbral column, i. 37, 38 
Lepidosteus, air-bladder of, i. 499 
dcrnioskeleton, i. 195 
development of vertebra', i. 33 
gills, i. 486 
locomotion, i. 247 
myelenceplialon, i. 275 
skull, i. 108 
teeth, i. 378 
teguments, i. 548, 549 
Lepidosteus oxyurus, teeth of, i. 378 
Lepidosteus platyrhinns, organ of hearing 
of, i. 348 

Lopido.sternon, skull of, i. 153 
Lopidotiis, locomotion of i. 247 
Leporidm, alimentary canal of, in. 426 
adrenals, iii. 573 
mammary glands, iii. 776 
organs of generation, male, iii. 649 

female, iii. 686, 
687 

organ of hearing, iii. 231 
organ of sight, iii. 248 
organ of taste, iii. 192 
procenccphalon, iii. 110 
skull, ii. 378 
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LEP 

LeporidjiG —contumed. 
eploon, iii. 560 
teeth, iii. 206 
veins, iii. 556 
vcrt,el)r.al column, ii. 361 
Leptohrachiiim, teeth of, i. 392 
Leptocophali, probably lai*va of some larger 
fish, i. (ill 

Leptolepiihe, ch.aracters of, i. 12 
clermoskeleton, i. 193 
Leptolepis, charact(‘rs of, i. 12 
Lcpiis, alimentary canal of, iii. 123 
locomotion, iii. 69 
organs of generation, iii. 619 
skeleton, ii. 361: 
teeth, iii. 300 

Lepus ciiniciilus, alimentary canal of, iii. 
423 

development, iii. 711, 712, 711, 715, 
721, 727 
fill, iii. 781 
larynx, iii. 585 
skull, ii. 378 
teeth, iii. 299, 301 

Lepus pnlustris, mammary glands of, iii. 
770 

Lepus timidus, alimentary canal of, iii. 423, 
426 

anal glands, iii. 630 
development, iii. 727 
fat, iii. 781 
limb- bones, ii. 379 
mesencephalon, iii. 98 
organs of generation, male, iii. 619 
female, iii. 686 
organ of smdl, iii. 208 
})ros(‘ncephalon, iii. 113 
skull, ii. 300 
teeth, iii. 296, 299, 300 
vertebral column, ii. 361, 367 
Lestris, eggs of, ii. 255 
Let hri nils atlaiiticus, air-bladder of, i. 491 
Leuciscus cy])rinus, myelenccphalon of, i. 
275, 280 
nerves, i. 302 

Lialis, teguments of, i. 557 
Lichanotus indri, cranium of, iii. 528 
teeth, iii. 314 

vertebral column, ii. 512, 515 
Lichia, characters of, i. xxxiii. 

Liemetes, skull of, ii. 58 
Liinos i, dorsal vertebrm and sternum of, ii. 
23, 26 

Lioness, generation of the, iii. 744 
Lissencephahi, cliaractiu’s of, ii. 270, 276, 
296 

adrenals, iii. 569 
development, iii. 723 
heart, iii. 519 
mesencephalon, iii. 98, 99 
muscles, iii. 16 
niyelon, iii. 74 
nerves, iii. 147, 152 


lUT 

. Lissencephahi — con t inued. 

I organ of hearing, iii. 229 

Cleans of generation, iiialo, iii. 611 
j)rosencephalon, iii. 108, 111, 112, 113, 
125, 131, 111 
spleen, iii. 560 
urinary organs, iii. 601 
I Lissotriton punctatiis, ovipjsition in, i. 616 
1 ovulation, i. 597 
Lizartls. See Laeertilia 
Llama, bones of, ii. 460, 470 
Locomotion, Aves, ii. 112 
I Fishes, i. 243 

Mammalia, iii. 63 
Reptiles, i. 259, 262 
Lonchercs, mammary glands of, ill. 776 
Longipennatje, characters of, ii. 9 

developrifent and peculiarities of tho 
chick, ii. 265 

scapular arch and limbs, ii. 72 
Lophiidjv, characters of, i. 11 
Lopliiodon, characters of, ii. 281 " 
teeth, iii. 377 

Lophius piscatDriiis, air-bladder of, i. 19.3 
alimentary canal, i. 421 
dcrmoskcleton, i. 196 
female organs of gi'ucration, i. 572 
gills, i. 47'8, 481 
growth, i. 612 
heart, i. 472 
kidneys, i. 536 
muscles, i. 209 
pectoral limbs, i. 166 
pelvic arch and Unit), i. 180 
r(‘produeibl(*. parts, i. 567 
skull, i. 1 19, 121 
teeth, i. 374, 376, 378, 381, 383 
vertebral column, i. 39 
Lophobranchii, characters of, i. 12 
skull, i. 119 

Lophophorus, dorsal vertebr.Te and stcrnurii 
of, ii. 27 

Ivophortyx, dorsal vertebrie and sternum of, 
ii. 27 

Lophyrus Basilicus, teeth of, i. 402 
teguments, i. 556 
I Lorcaria, air-bladder of, i. 193 

vertebral column, i. 38, 11, 42 
Loris. See Stenops tardigradiis 
Lota, nerves of, i. 297 
Loxia, skull of, ii. 57 
beak, ii. 146 
tongue, ii. 151 

Luciopcrca sandra, alimentary canal of, i. 
416 

myeleiicephalon, i. 283 
nerves, i. 297, 305 

Lutra vulgaris, mamtnaiy glands of, iii. 780 
orgaii of hearing, iii. 231, 235 
skull, ii. 506, 509 
teeth, iii. 333 
thymus gland, iii. 563 
vertebral column, ii. 491 
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Lyencephala, brain of, iii. 102, 141 
development, iii. 723 
generative organs, iii. 645 
heart, iii. 616 


M ACACUS, characters of, i. xxxii 

Macacus cymnologus, male organs of 
generation of, iii. 673 

Macacus innuus, osseous system of, ii. 617, 
532 

Macacus nemestrinns, osseous system of, 
iii. 519, 633, 643 

Macacus radiatus, characters of, ii. 273 
alimentary canal, iii. 432 
muscular system, iii. 53 
prosencephalon, iii. 124, 126 
vertebral column, iii 517*' 

Macacus rhesus, development of, iii. 746 
prosencephalon, iii. 131 
vertebral column, ii. 517 
Macacus silenus, female organs of gene- 
ration of, iii. 763 

Machairodus, teeth of, iii. 329, 339, 370, 374 
Machetes, external sexual characters of, ii. 
268 

Mackerel, myocorama of the, i. 3 
Macrauchenia, limb-bones of, ii. 454, 469 
skull, ii. 461 

vertebral column, ii. 446, 448 
Macrocorcus, skull of, ii. 28, 63 
Macropoma, alimentary canal of, i. 424 
Macropus, limb-bones of, ii. 363-355, 363 
organ of hearing iii. 221 
prosencephalon, iii. Ill 
skull, ii. 336-346, 350 
teeth, iii. 266, 291 
vertebral column, ii. 329 
Macropus Brunii, development of, iii. 721 
skull, ii. 345 

Macropus major, characters of, ii. 266 

alimentary canal, iii. 411, 413, 414, 
420, 446 

development, iii. 762 
limb-bones, ii. 354, 359 
lungs, iii. 676 

mammary glands, iii. 770, 772 
organs of generation, female, iii. 681, 
683 

prosencephalon, iii. 105 
skull, ii. 346, 349 
spleen, iii. 660 
teeth, iii. 291 

Macropus Parryi, alimentary canal of, iii. 416 
development, iii. 718 
lungs, iii. 676 

organs of generation, female, iii. 680 
urinary system, iii. 606 
Maeropus pencillatus, alimentary canal of, 
iii. 416 

Macropus psilopus, teeth of, iii. 291 
Macropus rufiventer, mouth of, iii. 386 
teeth, iii. 291, 379 


MAM 

Macroscelidcs, alimentary canal of, iii. 428 
caudal scent-gland, iii. 637 
teeth, iii. 307 
vertebral column, ii. 386 
Macusi Indian, skull of, ii. 666 
Maena, skull of, i. 119 
Maenidae, skull of, i. 119 
Malacopteri, characters of, i. 9 
Malapterurus benineusis, electric organs of, 
i. 350 

Malpatcriirus clectricus, air-bladders of, i. 
496 

electric organs, i. 350, 365 
Mallotus, fecundation of, i. 600 
Malthaea, gills of, i. 489 
organ of touch, i. 326 
pyloric appendage and pancreas, i. 
430 

Mammalia, absorbent system, iii. 504 
lacteals, iii. 604 
lymphatics, iii. 607 

disposition, iii. 508 
ganglions, iii. 608 
modifications, iii. 611 
adipose substances, iii. 784 
adrenals, iii. 570 
alimentary canal, iii. 383 
mouth, iii. 383 
salivary glands, iii. 396 
stomach, iii. 411 
intestinal canal, iii. 417 
characters and primary groups of the 
class, ii. 266 

character of Mammalian sub-classes, 
ii. 270 

stages of complexity of the brain, 
ii. 270 

characters of the Orders of Mam- 
malia, ii. 274 
Monotremata ii. 275 
Marsupialia, ii. 276 
Rodentia, ii. 276 
Insectivora, ii. 277 
Cheiroptera, ii. 278 
Bruta, ii. 278 
Cetacea, ii. 280 
Sirenia, ii. 281 
Proboscidia, ii. 282 
Perissodactyla, ii. 283 
Artiodactyla, ii. 283 
Carnivora, ii. 288 
Quadrumana, ii. 290 
Bimana, ii. 292 

table of the subclasses and orders : 
according to Cuvier, ii. 295 
according to the cerebral sys- 
tem, ii. 296 

circulating system, iii. 613 
blood, iii. 613 

blood-discs, iii. 513 
heart-, iii. 516 
arteries, iii. 532 

structure, iii. 533 
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Mammalia— circulati ng system — contimi^. 
aorta, iii. 534 
-carotids, iii. 538 
in the abdomen, iii. 540 
brachial, iii. 545 
veins, iii. 549 

structure, iii. 550 
dental system, iii. 265 

general characters of the teeth, 
iii. 265 

homologies of teeth, iii. 366 
generative system, iii. 641 
male organs, iii. 641 
female organs, iii. 676 
generative products and development, 
iii. 709 

ovulation, iii. 709 
ovipont, iii. 711 
corpus luteum, iii. 712 
impregnation, iii. 713 
development of Mammalia, iii. 
715-747 

development of Mammalian 
brain, iii. 751 
modilications of fcetal 
formation, iii. 751 
development of Mammalian 
skeleton, iii. 753 
membra pupillaris, iii. 752 
foetal circulation, iii. 755 
definition of male and female 
organs, iii. 757 
descent of testes, iii. 758 
liver, iii. 478 
locomotion, iii. 63 
in water, iii. 65 
on land, iii. 66 

mammary and marsupial organs, iii. 

760-780 

muscular system, iii. 1 
muscular tissue, iii. 1 
diaphragm, iii. 1 
nerves, iii. 146 

olfactory, iii. 146 
optic, iii. 147 

oculo-motor or third, iii. 147 
fourth, iii. 148 
fifth or trigeminal, 148, 154 
ninth, iii. 161 
development, iii. 163 
ganglia, iii. 167 
sympathetic system, iii. 181 
nervous system, iii. 73 
myelon, iii. 73 
encephalon, iii. 79 
primary divisions, iii. 79 
mesencephalon, iii. 97 
prosencephalon, iii. 99 
arcliencephala, iii. 127 

cerebral folds in the order of 
their constancy in Mam- 
mals, iii. 137 
size of brain, iii. 143 


MAM 

Mammalia — nervous system — continued, 

membranes of the brain, iii. 

145 

organs of touch, iii. 186 
taste, iii. 190 
smell, iii. 204 
hearing, iii. 219 
sight, iii. 246 

eyeball, iii. 246 

of nocturnal Mam- 
mals, iii. 247 

osseous system, i. 20 ; ii. 297 

general characters of the skeleton, 
ii. 297 

general characters of the skull, 
ii. 300 

general characters of the liipbs, 
ii. 305 

special homologies, ii. 311-553 
synonyms of the bones of the 
head, according to tlieir general 
homologies, ii. 587 
proportion of hard and soft mat- 
ter, i. 20 
pancreas, iii. 492 

function of, iii. 499 
peculiar glands, iii. 632 

opening upon the head, iii. 632 
opening upon the trunk, iii. 634 
opening on the tail, iii. 637 
opening on the limbs, iii. 638 
peritoneum and appendages, iii. 500 
respiratory system, iii. 572 
lungs, iii. 572 
larynx, iii. 582 
spleen, iii. 557 
teeth, iii. 265 

general characters, ir. 265 
homologies of teeth, iii. 366 
togumentary system and appendages, 
iii. 610 
derm, iii. 610 
epiderm, iii. 613 
callosities, iii. 616 
hair, iii. 616 

wool, iii. 618 
spines, iii. 621 
scales, iii. 622 

nails, claws, and hoofs, iii. 623 
horns, iii. 624 
thymus, iii. 566 
thyroid, iii. 563 
urinary system, iii. 604 
kidneys, iii. 604 
texture, iii. 604 
colour, iii. 604 
ureter, iii. 605 
tubuli uriniferi, iii. 605 
• modifications, iii. 605 
of the subclasses of Mam- 
malia, iii. 605 

developmental characters, i. 6 
Mammary organs, iii. 760 



892 


GENERAL INDEX, 


MAN 

Man. See Bimana. Homo. 

Manatee, hones of, ii. 433, 435 
diaphragm, iii. 2 
Manaliis, diapliagm of, iii. 2 
heart, iii. 521 
organ of hearing, iii. 226 
organ of taste, iii. 194 
skull, ii. 37.'1, 433 
toerli, iii. 284 

vertel)ral column, ii. 430, 432 
Mandrill, hones of, ii. 518, et seq. 

Maiiis longieaiidata, derm of, iii. 612 
claws, iii. 623 
liinh-bones, ii. 409 
orjjian of hearing, iii. 232 
skull, ii. 404 
teeth, iii. 265 

Manis pentadactyla, eharaeters of, ii. 279 
alimentary canal, ii. 147 
scales, iii. 622 
skull, ii. 403 

verlehrato column, ii. 396 
Marmot, hones of, ii. 382 
Marsupial bone in Monotremata, ii. 326 
bones in Marsupialia, ii. 356 
organs, iii. 770 
pouches of Eishes, i. 613, 614 
Marsupialia, eharaeters of, ii. 275 
alimentary canal, iii. 411 
stomach, iii. 41 1 
intestines, iii. 417 

table of lengths, iii. 420 
brain, iii. 104 
development, iii. 718 
heart, iii. 616 
liver, iii. 481 
locomotiCn, iii. 68 
mouth, iii. 385 
muscles, iii. 8 
nervous system, iii. 74 
organ of hearing, iii. 227 
organs of generation, iii. 645 
male, iii. 645 
female, iii. 680 
osseous system, ii. 328 
skeleton, ii. 328 

A. vertebral column, ii.328 

B. skull, ii. 334 

frontal, ii. 342 
lacrymal, ii. 343 
malar, ii. 343 
nasal, ii. 343 
rostral, ii. 344 
premaxillary, ii. 344 
maxillary, ii. 344 
jaws, ii. 348 

C. bones of the limbs, ii. 350 

scapula, ii. 350 
clavicle, ii. 351 
humerus, ii. 352 
radius, ii. 353 
ulna, ii. 353 
carpus, ii. 354 


MEL 

Marsupialia — osseous system^-continued. 

pelvis, ii. 355 
ilium, ii. 355 
ischia, ii. 356 
marsupial, ii. 356 
femur, ii. 358 
knee-joint, ii. 358 
tibia, ii. 358 
fibula, ii. 359 
tarfeus, ii. 360 
astragalus, ii. 300 
pedes saltatorii. ii. 

361 

re.spiratory system, iii. 576 
.salivary glands, iii. 398 
skeleton of, ii. 328 
skull, ii. 334 
spleen, iii. 560 
teeth, iii. 285 
thyroid, iii. 564 
tongue, iii. 191 
urinary system, iii. 606 
veins, iii. 552 
vert(‘bral column, ii. 328 
Marsiipium, or pecten, of Aves, ii. 138 
functions, ii. 140 
Martin cats, teeth of, iii. 333 
Mastodon, bones of, ii. 441 
j Mastodon, characters of, ii. 282 
I teeth, iii. 343, 378 

vertebral column, ii. 441 
Megaceros, characters of, ii. 285 
horns, iii. 628 
limb-bones, ii. 483 
teeth, iii. 351 

Megaderma, alimentary canal of, iii. 424 
derm, iii. 013 

Megalichthys, alimentary canal of, i. 424 
teeth, i. 378 

Megaloiiyx, limb-bones of, ii. 411 
Megalosauriis, eharaeters of, i. 18 
teeth, i. 387, 400, 405 
Mogalotis Lalandii, organ of hearing of, iii. 

234 

Megapodius, scapular arch and limbs of, ii. 

74 

Megatherium, characters of, i. xxxii. 
locomotion, iii. 66 
nerves, iii. 162 
osseous system, ii. 297 

limb-bones, ii. 307, 408, 411, 414 
skull, ii. 402 

teeth, i. 361, 363 ; iii. 274, 275 
Meleagris, characters of, i. 26 

dorsal vertebrae and sternum, ii. 27 
generative system, ii. 258 
Meles taxus, limb-bones of, ii. 509 
mammary ghands, iii. 780 
organ of hearing, iii. 234 
organs of generation, male, iii. 669 
skull, ii. 501 
teeth, iii. 333, 334 
vertebral column, ii. 491 
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MEN 

Menobranchus, arteries of, i. 516 
gills, i. 614 
heart, i. 506 
pancreas, i. 453 
skull, i. 88 

Menopoma {^yn. Cryptobruiichus) — 
alimentary canal, i. 440, 446 
arteries, i. 517 
gills, i. 515 
heart, i. 506 
kidneys, i. 537 
larynx, i. 527 
liver, i. 451 

male organs of generation, i. 576 
pancreas, i. 453 
pectoral limb, i. 170 
teeth, i. 390 
thynins body, i. 565 
vertebral eolumii, i. 48, 49 
Mephitis zorilla, anal gland bags of, iii. 637 
Mergus euciillatus, external sexual cluarac- 
ters of, ii. 257 

Mergus merganser, trachea of, ii. 220 
Mergus serrator, beak of, ii. 149 
lower larynx, ii. 225 
trachea, ii. 220 
Meriones, teeth of, iii. 296 
Merlangus vulgaris, pyloric appendages 
and pancreas of, i. 428, 431 
Morluce.ius, female organs of generation of, 
i. 572 

gills, i. 511 
nerves, i. 300 

Mcropidie, characters of. ii. 11 
Morops, eggs of, ii. 256 
Morula diictylot)tera, scapular arch and 
limbs of, ii. 74 

Morycopot amus, characters of, ii. 286 
Metamorphoses of Batrachiaiis, i, 628, 629 
Fishes, i. 611 

Metopocoros, teeth of, i. 403 
Microcebiis pusillus, organ of taste of, iii. 
199 

Microdus, locomotion of, i. 248 
Microglogsus, skull of, ii. 58 
Micropogon, air-bladder of, i. 491 
Microscopical anatomy, i. \iu, 
Microtheriura, characters of, ii. 286, 287 
skull, ii. 472 

Midas, rufiinanus, alimentary canal of, iii. 
432 

osseous system, ii. 512 
prosencephalon, iii. 114, 121, 125, 129, 
131 

teeth, iii. 315 

Milvus, locomotion of, ii. 116 
Mincopies, the, of the Andaman Islands, 
organs of smell of, iii. 219 
Mole. Sea Talpa 
Molossns, mouth of, iii. 387 
Monitor, alimentary canal of, i. 44f5 
development, i. 638 
Monochir, characters of, i. xxxiii. 


MOR 

Monodon, teeth of, iii. 265, 279, 280 
. vertebral column, ii. 418 
Monophyllus, organs of taste of, iii. 19i^ 
Monophyodonts, teeth of, iii. 271 
Monopnoa, characters of, i. 9 
Monoptorus, gills of, i. 481, 486 
Monotremata, development of, iii. 715 
bones of the. limbs, ii. 323 
characters of, ii. 275 ; iii. 89, 99 
heart, iii. 516 
liver, iii. 481 
muscles, iii. 2- 
nervous system, iii. 73 
organs of generation, iii. 613 
male, iii. 643 
female, iii. 677 
organ of hearing, iii. 226 
osseous system, ii. 316 
skeleton, ii. 316 

A. vertebral column, ii. 316 

B. skull, ii. 318 

C. bones of the limbs ii. 323 

scapula, ii. 323 
coracoid, ii. 323 
clavicle, ii. 324 
humerus, ii. 321 
radius, ii. 321 
ulna, ii. 324 
carpus, ii. 325 
pelvis, ii. 326 
ilium, ii. 326 
ischium, ii. 326 
pubis, ii. 326 
marsupial, ii. 263 
femur, ii. 327 
patella, ii. 327 
tibia, ii. 327 
fibula, ii. 327 
tarsus, ii. 327 
astragalus, ii. 328 
pancreas, iii. 492 
respiratory system, iii. 575 
salivary glands, iii. 397 
• skeleton of, ii. 316 
skull, ii. 318 
spleen, iii. 560 
teeth of, iii. 265 
thymus, iii. 567 
thyroid, iii. 564 
urinary system, iii. 605 
veins, iii. 552 
vertebral column, ii. 316 
Mormoops, mouth of, iii. 387 
Mormyd®, characters of, i. 10 
Morniyms, characters of, i. 10 
skull, i. 118 

Mormyrus dorsalis, electric organs of. i. 350 
Mormyrus longipinnis, electric organs of, 
i. 350, 355 

alimenhiry canal of, i. 416, 417 
arteries, i. 488 

Mormyims oxyrhynchus, electric organs of, 
i. 350 
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Mormynis Potersii, alimentary canal of, i. j 
410 

Morrhua v\ilgaris, air-bladder of, i. 495 
alimentary canal, i. 421 
gills, i. 480 

male organs of generation of, i. 569 
myelcncophalon, i. 271-274, 276, 278- 
280, 282, 284 

nerves, i. 298, 301-7303, 305, 306, 308, 
309 

pectoral limb, i. 164-166 
pelvic arch and limb, i. 179 
sknll, i. 73, 93, 95-100, 107, 109-113, 
115, 117-121, 123-126 
Mosasanrus, characters of, i. xxxviii 
sluill, i. 157 
teeth, i. 401, 402 
Moschida', characters of, ii. 286 
limb-bones, ii. 486 
mammary glands, iii. 779 
Moschiis aqiiaticiis, alimentary canal of, iii. 
472 

limb-bones, ii. 486, 487 
liver, iii. 483 

Moschns mosohifcms, preputial glands of, 
iii. 635 

limb-bones, ii. 484, 486 
liver, iii. 481 
skull, ii. 471 
teeth, iii. 348, 349, 351 
V(‘rt(‘bral column, ii. 400 
Motacilla, eggs of, ii. 257 
JVloutli of Aves, ii. 156 
Fishes, i. 409 

Mammalia, ii. 267 ; iii* 383 
Reptiles, i. 434 

Mngil, alimentary canal of, i. 418 
pectoral limb, i. 166 
vertebral column, i. 37 
Mngil ccphalns, teguments of, i. 550 
Mugil labrosus, alimentary canal of, 

410 

Miigilidfc, characters of, i. 11 

alimentary canal, i. 420 • 

Mullus, my el encephalon of, i. 283 
nerves, i. 300 

Miirmna, limcntary canal of, i. 421 
arteries, i. 489 
sca])ular arch, ii. 65 
skull, i. 122 
teeth, i. 370 

Miirmna helena, skull of, i. 113 
vertebral column, i. 46 
Mursenidae, characters of, i. 10 
alimentary canal, i. 411 
nerves, i. 315 
skull. 1 . 118 
vertebral column, i. 41 
Murdeiiophis, arteries of, i. 479 
gills, i. 478 
skull, i. 125 
teeth, i. 370 

Miiridtc, adrenals of, iii. 570 


mh 

Muridae— continurd. 
limb-bones, ii. 382 
organs of generation, male, iii. 655 
female, iii. 686 
organs of smell, iii. 209 
skull, ii. 378 
teeth, iii. 299 

Mils documanns, alimentary canal of, iii. 421 
liver, iii. 485 
mammary glands, iii. 776 
organs of hearing, iii. 230 
organs of smell, iii. 209 
pancreas, iii. 493 
Mus messorius, brain of, iii. 143 
mammary glands, iii. 776 
Mus musculus, brain of, iii. 143 
mammary glands, iii. 776 
Mus rattns, alimentary canal of, iii. 420 
limb-bones, ii. 382 
Muscle, structure of, i. 200 
Musk-deer, bh)od-discs of, i. 4 
bones of, ii. 460, 471 
Miisophagidse, characters of, ii. 12 
alimentary canal, ii. 173 
osseous system, ii. 28, 56 
Mustcla marteS; development of, iii. 744 
organs of generation, mah?, iii. 670 
I pancreas, iii. 495 

I Mustohi zibellina, vertebral column of, ii. 
I 491 

Mustelidfle, limb-bones of, ii. 509 
! mammary glands, iii. 780 

I organ of hearing, iii. 234 

skull, ii. 602 
teeth, iii. 333 
urinary system, iii. 608 
vertebrate column, ii. 492 
! Mustelines, bones, ii. 491 
Mustelus, gills of, i. 486 
heart, i. 474 
vertebral column, i. 35 
Mustelus Icvis, development of, i. 610 
female organs of generation, i. 575 
Mutilata, characters of, ii. 280, 296, 299 
development, iii. 732 , 

Mycotos seniculus, emenm of, iii. 432 
cranium, ii. 529, 631 
development, iii. 745, 746 
larynx, iii. 598 
Mycteria, beak of, ii. 147 
Mydaiis meliceps,anal gland-bag of, iii. 637 
limb-bones, ii. 509 
vertebral column, ii. 191 
Myelencephala. Sec Vortcb)*ata, i, ix, x, 
xi, xxi, 1-4, 19, 29, 369, 640 
Mygalo. See Myogaloa. 

Mylotes, teeth of, i. 369 
Myliobatidae, characters of, i. 13 
Myliobatis, characters of, i. 13 
heart, i. 474 
skull, i. 81 

teeth, i. 369, 370, 373, 376, 378; iii. 

273 
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Mylodon, limb-bones of, ii. 414, 415 
nerves, iii. 162 
skull, ii. 407 

vertebral column, ii. 401, 402 
IVIyobatrachus paradoxus, development of, 
i. 629 
skull, i. 91 
teeth, i. 386, 392 

Myocomma {st/n. myomere, myotome), i. 203 
]VIvo« 2 ;alea (syyi. Mvnale) inoschata, caudal 
scent-gland of, iii. 637 
teeth of, iii. 301 

Myopotamus, alimentary canal of, iii. 423 
adrenals, iii. 570 
lungs, iii. 577 
mammary glands, iii. 775 
organ of taste, iii. 192 
teeth, iii. 377 

Myoxus, alimentary canal of, iii. 422, 423 
hybernation, ii. 4 
mammary glan<lM, iii. 776 
Myripristis, organ of sight in, i. 331 
Myrmocobius, skull of, ii. 335, 336, 342, 
343. 349 

teeth, lii. 287, 288, 294, 302 
Myrmecophaga didactyla, limb-bones of, ii. 
410 

male organs of generation, iii. 658 
prosence])halon, iii. 110 
salivary glands, iii. 402 
vertebral column, ii. 398 
Myrnu'cophagajubata, characters of, ii. 279 
alimentary canal, iii. 448 
brain, iii. 143 

female organs of generation, iii. 691 
larynx, iii. 586 
limb-bones, ii. 410 
liver, iii. 484 
mouth, iii. 383 
muscles, iii. 20-24 
nerves, iii. 151 
organ of hearing, iii. 231 
organ of smell, iii. 210 
pancreas, iii. 494 
salivary glands, iii. 403 
sknll, ii. 388, 403 
teeth, iii. 265 
vertebral column, ii. 397 
Myxine, characters of, i. 9 
gills, i. 476 
heart, i. 471 
nerves, i. 299 
ovulation, i. 598 
teeth,!. 369 
veins, i. 468 
voriebrsD, i. 31 


A I A, muscles of, i. 225, 231 
Naia tripudians, lungs of, i. 524 
teeth, i. 397 
tegument, i. 555 
vertebral column, i. 54, 56 


NOD 

Naiida*, tegument of, i. 555 
vertebral column, i. 56 
Nails of Mammalia, iii. 623 
Nandus, arteries of, i. 489 
Nannemys, oviposition in, i. 618 
Narcine, skull of, i. 78 
Narwhal, tusks of, iii. 280 
Nasalis larvatus, alimentary canal of, iii. 
433 

development, iii. 746 
organ of smell, iii. 216 
osseous system, ii. 519 
Nascus, Sigamns, pectoral limb of, i. 164 
Naseus unicornis, skull of, i. 114 
Nasua, limb-bones of, ii. 601, 508 
mammary glands, iii. 780 
prosencephalon, iii. 117 
teeth, iii. 334 

Natantia, characters of, i. 17. 

Natatores, characters of, i. 9 
Natricidm, teeth of, i. 394 
teguments, i. 555 

Natrix torquata, arteries of, i. 620 
development, i. 634, 635 
kidneys, i. 539 
lungs, i. 520 
oviposition, i. 616 
ovulation, i. 592. 
teguments, i. 555 

Naucrates, changes with growth, i. 612 
N(‘gro, skull of the, ii. 564, 565 
j Nelomys, mammary glands of, iii. 775 
Nervous tissues, i. 266 

centres and nerves, i. 266 

sensations and reflex actions, i. 266 
inyelencephalon, or cerebro- 
spinal system, i. 266 
tubes altered by re-ageiits, i. 267 
diameters in the diftbrent vertebrate 
classes, i. 267 
neurilemma, i. 267 
myeleiicephalon of Fishes, i. 268 
of Reptiles, i. 290 
• of Aves, ii. 117, 118 

of Mammalia, iii. 73-146 
Nervous system of Hminatocrya, i. 266 
appendages, i. 323 
Pacinian corpuscles, i. 323 
Savian corjmscles, i. 324 
Ncsodon, teeth of, iii. 266 
Nestor, sexual characters of, ii. 258 
Nests of Aves, ii. 257 
Fishes, i. 611 
Neuricity, i. 318 
Neurilemma, i. 267 

Neurocomma {si/n» nonromere, nerve-seg- 
ment) i. ix. 203, 270, ct mj. 

Newt, brain of, i. 290 
Nictitantes, characters of, i. 13 
organ of sight, i. 336 

j Nocthora trivirgata, development of, iii. 746 
I Noctilio, mouth of, iii. 387 
: Nodulus ill Fislu's, i. 273 



896 


GENERAL INDEX. 


NOM 

Nomogeny (syn. Heterogeny, Spontaneous 
Generation), iii. 814 
Notidaiiida?, characters of, i. 13 
Notidaiius cinereus, OYulation of, i. 598 
teeth, i. 373 

vertebral column, i. 32, 35 
Notornis, characters of, i. xxxiii 

dorsal vertebrae and sternum, ii. 21, 
23, 24 
skull, ii. 57 

Nototherium, skull of, ii. 335 
teeth, iii. 393 

Nothosaiirus, characte:s of, i. 16 
pelvic arch and limb, i. 182 
vertebral column, i. 53 
Nototrcnia marsupiutum, development of, 

i. 606 

female organs of generation, i. 581 
tegument, i. 551 

Numeniiis, dorsal vertebrai and sternum, 

ii. 26 

skull, ii. 61 

Numida, beak of, ii. 150 
lower larynx, ii. 220 
N^'cteris, derm of, iii. 613 
mouth, iii. 387 


O CTQDON, mammary glands of, iii. 775, 
776 

teeth, iii. 299 

CEdieiiemus, dorsal vertebrm and sternum, 
ii. 26 

pelvic limbs, ii. 82 

Oligodon bitorrpiatus, teeth of, i. 395 
Oininatophoea, teeth of, iii. 337 
Oinnivora, characters of, i. xxix. ; ii. 296 
Ophidia, absorbent system of, i. 459 
adrenals, i. 543 
alimentary canal, i. 431 
blood, i. 501 
characters of, i. 17 
fecundation, i. 615 
oviposition, i. 616 
dcAelopment, i. 634, 635 
generative organs,’ i. 579 
male, i. 579 
female, i. 585 
hearing, organs of, i. 348 
heart, i. 507 
larynx, i. 628 
liver, i. 448 
locomotion, i. 259 
lungs, i. 52 1 

respiratory actions, i. 531 
kidneys, i. 638 
muscles of the, i. 224 
osseous system — 
skull, i. 146 
vertebral column, i. 53 
powon-glfimh, i. 563 

secretion, the iioison - gland, i. 
563 


ORT 

Ophidia — continmd, 
sccnt-glands, i. 563 
sight, organs of, i. 338 
sympathetic nervous system, i. 321 
teeth, i. 393 
teguments, i. 553 
epiderm, i. 553 

periodical shedding, i. 553 
scales, i. 554 
claws or hooks, i. 554 
pigment cells, i. 555 
secreting follicles, i. 555 
thymus body or gland, i. 665 
thyroid body or gland, i. 565 
veins, i. 503 

Ophidiielce, eharaet(*rs of, i. 10 
Ophidiuni, characters of, i. 10 
Ophidium harbatum, ^'I'rtehral column of, 
i. 43 

Ophiocephaliis, air-hladdiT of, i. 491 
Ophiomorpha, characters of, i. 15 
vertebral eolumn, i. 19 
Oidiisaurus, skull of, i. 158 

teguments, i. 555 , 

Opisthocciilia, characters of, i. 17 
vertebral column, i. 69 
Opisthodclphis ovifera, arteries of, i. 515 
* female organs of gciuTatiun, i. 688 
oviposition, i. 616 
teg\inients, i. 651 
Opossum, generation of, iii. 721 
osseous system, ii. 337 
Oraug-a*tau. See Pitheeus sutyriis. 
Oreophasis, osseous system of, ii. 27, 32, 
36, 65 

Oriiilhorliynchus, alimentary canal of, iii. 

410 

beak, iii. 383 
brain, iii. 102 
crural gland, iii. 639 
1 gciierativcs organs, iii. 614 
male, iii. 644 
female, iii. 678 
development, iii. 717 
eye, iii. 246 
heart, iii. 516 
I jaws, iii. 384 

{ mammary organs, iii. 761 

muscles, iii. 2 

I nervous system, iii. 73 

! olfactory nerve, iii. 208 

i osseous system, ii. 317 

j salivaiy glands, iii. 397 

spleen, iii. 560 
thyroid, iii. 564 

Orfalida, lower larynx of, ii. 220 
Orthagoriscus, alimentary canal of, i. 422 
; gills, i. 480 

j kidneys, i. 536 

I muscles, i. 212 

j myc]enc(?phaIon, i. 271 

j organ of sight, i. 331, 334-336 

I Orthorhynchus, beak of, ii. 147 ' 
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Ortyx, dorsal vertebrae and sternum of, ii. 
26, 27 

Oryeterornys, teeth of, iii. 296 
Oryeterus, alimentary canal of, iii. 423 
lungs, iii. o77 

Oryctcropus, eliaracters of, ii. 279, 376 
heart, iii. 520 
liml)-bonos, ii. 409 
liver, iii. 484 
mouth, iii. 386 
organ of hearing, iii. 231 
organ of smell, iii. 210 
skull, ii. 404 

teeth, i. 367, 369 ; iii. 272, 273, 366 
rtcbral column, ii. 395 
OsphruJiter, organ of smell of, iii. 205 
Osphromenus, organ of touch of, i. 3if6 
Ossification, tendons of, in Aves, ii. 83 
Osteocomma (jif/n. bono-seginent or osteo- 
mere), i. 27, 203 

3.stracion, alimentary canal of, i. 121 
bones of, i. 26 
muscles, i. 212 

Ostraciontidie, characters (d*, i. 11 
Ostracostei, characters of, i. 12 
Jtaria loonina, sen jubata, liver of, iii. 
•186 

skull, ii. 496, 497, *498 
teeth, iii. 336 

Haria lobata, hair of, iii, 618 
)tari|pursina, hair of, iii. 618 
limb-bones, ii. 507 
organ of hearing, iii. 234 
organ of sinell, iii. 216 
)tis, organ of hearing of, ii. 133 
osseous system, ii. 23, 26, 82 
Itoeryptis, teeth of, i. 402 
)todus, teeth of, i. 372 
ItoJicnus crassicaudatus, alimentary canal 
of, iii. 431 

mammary glands, iii. 780 
organs of generation, male, iii. 672 
osseous system, ii. 512, 542 
'toliciius Pcli, osseous system of, ii. 512 
organs of generation, female, iii. 701 
teeth, ill. 315 
'tomys, teeth of, iii. 296 
toops, mouth of, iii. 387 
tter, bones of the, ii. 501 
udenodoii, teeth of, i. 385, 400 
urax, osseous system of, ii. 27, 65 
vidfe, horns of, iii. 624 

mammary glands, iii.* 779 
vipont in Mammalia, iii. 711 
vis aminou, hair of, iii. 618 
skull, ii. 474 

vis aries, characters of, ii. 286 
development, iii. 738 
macomyelon, iii. 87 
skull, ii. 474, 475 
vis malmra, skull of, ii. 474 
vertebral column, ii. 462 
vis musimon, hair of, iii. 618 


I PRC 

! Ovis Vignei, hair of, iii. 618 
skull, ii. 474 

Ovulation in Mammalia, iii. 709 
Ovum, development of, in vertebrates, i. 1 
Ox, alimentary canal of, iii. 471 
bones, ii 461, 4-72 
horns, iii. 625 
muscles, iii. 42 

j organs of generation, iii. 668 
! organ of hearing, iii. 233 
I salivary gland, iii, 404 

I organ of sight, iii. 251 

! organ of smell, iii. 213 
j Oxyglossus, alimentary canal of, i. 436 
teeth, i. 392 


P AGEUS, changes accompanying growtli, 
i. 612 

Paleontology, i. viii ; iii. 700 
Paleosaurus, teeth- of, i. 405 
Paleotluu’ium, characters of, i. xvii, xxxi ; 

I ii. 284, 309 

i geological remains of, iii. 789 
i teeth, iii. 340-313, 356, 375, 377 

j Palamedca, scapular arcli and limbs of, ii. 7 4 
tegumentary system, ii. 232 
• Palaptcryx, eliaracters of, ii. 12 
pelvic limbs, ii. 82 

! Pnloplotherium, geological remains of, iii. 

; 179 

Pancreas of Aves, ii. 178 
i Fislies, i. 428 

1 in Mammalia, iii. 492 

pancreatic Ihiid, iii. 499 
j Keptiles, i. 453 

I Pandion, bones of, ii. 21 
j Paiigasius, air-bladder of, i. 491 
I Pangolin, bones of, ii. 403 
I Panician corpuscles, i. 323 
j Pai>io Mormon, brain of, iii. 91 
j organs of generation, male, iii. 673 

j female, iii. 703 

j osseous system,- ii. 517, 531 

I prosencephalon, iii. 131 

I teeth, iii. 316 

j Paradisia, characters of, ii. 10 
' Paradoxurus typus, alimentary canal of, 

I iii. 445 

mammary glands, iii. 780 
teeth, iii. 331 
vertebral column, ii. 492 
Paraziphius, limb-bones of, ii. 427 
skull, ii. 426 

Parra, scapular arch and limbs, ii. 74 
eggs of, ii. 256 
Parus, characters of, ii. 10 
Passerita, organ, of taste of, i. 327 
Patagonian, skull of, ii. 568 
Pa VO, dkseous system of, ii. 27, 74, 81 
Pearly vesicle covering the spinal nerves 
of the Frog, i. 315 
Poccari. bones of, ii. 158. 470 
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Pegasus draco, dermoskeleton of, i. 195 
Pelagius monaclius, limb-bones of, ii. 507 
vertebral column, ii. 495 
Pelaniys, liver of, i. 448 
tegument, i. 554 
Pelecanus, beak of, ii. 148 
cervical vertebrse, ii. 40 
heart, ii. 188 

muscles of the legs, ii. 103 

pelvis, ii. 34 • 

scapular arch and limbs, ii. 70 

skull, ii. 64 

sternum, ii. 23, 24 

tongues, ii. 153 

Pclobates fuscus, semination and ovulation 
of, i. 591, 592 

Penelope cristata, alimentary canal of, ii. 
171 

Penelope mirail, lower larynx of, ii. 220 
Peramolcs, alimentary canal of, iii. 412, 420 
limb-bones, ii. 351, 352, 3G3 
lungs, iii. 576, 577 
mammary glands, iii. 774 
mouth, iii. 385 
muscles, iii. 13, 16 
organ of hearing, iii. 228 
organ of smell, iii. 208 
organ of taste, iii. 191 
skull, ii. 336, 337, 342 
teeth, iii. 287 

Pcrameles Gunnii, limb-bones of, ii. 352 
mouth, iii. 388 

Pcrameles lagotes, larynx of, iii. 584 
limb bones, ii. 352, 359, 363 
muscles, iii. 14 

organs of generation, male, iii. 047, 648 
organ of hearing, iii. 228 
skull, ii. 335, 338, 340, 343, 346, 347 
vertebral column, ii. 333 
Pcrameles nasuta, alimentary canal of, iii. 420 
blood, iii. 513 
skull, ii. 339 
teeth, iii. 288 

IkTamelcs obcsula, female organs of gene- 
ration of, iii. 683 
teeth, iii. 288 
Perea, characters of, i. 11 
skull, i. 107 
vertebral column, i. 43 
Perea fluviatilis, alimentary canal of, i. 416 
female organs of generation, i. 571 
heart, i. 472 

myelencephalon, i. 277, 278 
myology, i. 202, 205-211 
nerves, i. 297, 301-306 
organ of hearing, i. 342 
organ of sight, i. 336 
ovulation, i. 590 

pyloric appendage and pancreas, i. 430, 
432 

skull, i. 94, 105, 106, 109, 125 
teeth, i. 369 
veins, i. 467 


PET 

Percidic, characters of, i. 1 1 
teeth, i. 378 

Percis, air-bladder of, i. 493 

Percophis, air-bladder of, i. 493 

Perdix, dorsal vertebrae and sternum of, ii. 

21, 22, 26, 27 
sacral vertebrae, ii. 29 

Periophthalamus, myelencephalon of, i. 

275 

Perissodactyla, characters of, ii. 283, 296 
alimentary canal, iii. 458 
muscles, iii. 26 

organs of generation, male, iii. 660 
female, iii. 693 
prosencephalon, iii. 121 
t^eth, iii. 352 
vertebral column, ii. 444 
! Perissodactyla, alimentary canal of, iii. 458 
' brain, iii. 121 

organ of sight, iii. 251 
organs of generation, iii. 661 
male, iii. 661 
female, iii. 693 
osseous system, ii. 444 
skeleton, ii. 444 

A. vertebrate column, ii. 444 
cervical, ii. 444-4 18 
dorsal, ii. 444-448 
lumbar, ii. 444-418 
sacral, ii. 444-448 
caudal, ii. 444-440 
K skull, ii. 448 
f rentals, ii. 449 
lacrymal, ii. 449 
nasal, ii. 449 
premaxillaries, ii. 449 
jaws, ii. 449 

C. bones of the limbs, ii. 464 
scapula, ii. 454 
humerus, ii. 454 
radius, ii. 454 
ulna, ii. 454 
ilium, ii. 454 
ischia, ii. 454 
carjms, ii. 455 
tibia, ii. 466 
fibula, ii. 466 
astragalus, ii. 457 

teeth, iii. 363 
urinary system, iii. 606 
Percdicticus potto, oreciim of, iii. 431 
organs of generation, male, iii. 672 
female, iij. 701 

osseous system, ii. 512, 528, 641 
tongue, iii. 198 
Peruvian, skull of, ii. 667 
Petalodus, teeth of, i. 371 
Petaurus, derm of, iii. 612 

limb-bones, ii. 353, 355, 356, 358, 369 
361, 362 

mammary glands, iii. 770 
skull, ii. 344, 347, 350 
vertebral column, ii. 329 
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PetAurus (Acrobates) pygmgeus, aliineiitarj 
canal of, iii. 418 

female organs of generation, iii. 681 
skull of, ii. 835 ^ 

teeth, iii. 290, 336, 338, 340, 343, 349 
Potauriis Bennettii, skull of, iii. 337, 338 
Petaurus flaviventer, skull of, iii. 336, 345 
Petaurus macrunis, limb-hones of, ii. 352 
vertebral column, ii. 331, 332 
Petaurus sciureus, limb-bones of, ii. 352 
skull, ii. 336, 337, 342, 343, 315 
vertebral column, ii. 332 
Petaurus Taguanoules, alimentary canal of, 
iii. 418 

female organs of generation, iii. 682, 
683 

limb-bones, ii. 352, 360, 362 
skull, ii. 313 

Petrodomus, mouth of, iii. 384 
teeth, iii. 307 

Pt'trouyzon Ammocades), cbaracters 

of, i. 7, 9 

alimentary canal, i. 412 
gills, i. 475 
growth, i. 611 
heart, i. 171 
kidneys, i. 534, 536 
liver, i. 425 
muscles, i. 212 
iierv»'s, i. 328 

organs of generation, male, i. 568 
femah', i. 571 

osseous system, i. 32 

vertebra), development of, i. 32 
skull, i. 72, 114 
semination, i. 590 
Pezophaps, characters of, ii. 13 
Pezoporus, dorsal vertebne and sternum of, I 

ii. 28 j 

scapular arch and limbs, ii. 67 
Phacochocrus, lungs of, iii. 581 I 

organ of smell, iii. 216 | 

organ of histe, iii. 195 I 

skull, ii. 469 | 

si:)lccn, iii. 561 
teeth, iii. 346 

?h8enicopterus, characters of, ii. 9 j 

alimentary canal, ii. 157 
beak, ii. 149 | 

dorsal vertebrae and sternum, ii. 16, 23 I 
pelvic limbs, ii. 82 
tongue, ii. 152 
^haetoii, characters of, ii. 9 
’halangista, mammary glands of, iii. 769 
limb-bones, ii. 351, 356, 359, 360, 361 
muscles, iii. 8 

skull, ii. 336, 337, 341-344,347, 348, 
319, 350 
teeth, iii, 290 

vertebral column, ii. 328-334 
’halangista Cookii, limb-bones of, ii. 352. 
355, 362 
skull, ii. 345 


I’llO 

Phalaiigista Cookii— con thi ucd. 
teeth, iii. 289, 290 
vertebral column, ii. 331 
Phalangista fuliginosa, lungs of, iii. 676 
thj’^roid gland, iii. 565 
Phalangistii gliriformis, limb-bones of, ii. 
355, 359 
teeth, iii. 290 

Phalangista urfeina, limb-bones of, iii. 362 
« teeth, iii. 390 

Phalangista vulpina, alimentary canal of, 
iii. 420 

muscles, iii. 16 
salivary glands, iii. 398 
skull, ii. 347 
teeth, iii. 289, 290 
urinary sy.stem, iii. 606 
vertebral column, ii. 832 
Phalcrocorax carbo, alimentary canal of, 
ii. 157, 163 
I skull, ii. 61 

I I’lialeris, osseous system of, ii. 19, 25 
Pharyngognathi, characters of, i. 10, 11 
skull, i. 120 

Phascogale, alimentary canal of, iii. 411, 
412, 420 
larynx, iii. 584 
mammary glands, iii. 774 
teeth, iii. 286 

Phaseolaretos, alimentary canal of, iii. 420 
development, iii. 749 
limb-bones, ii. 351, 353, 357, 359 
organs of generation, male, iii. 618 
skull, ii. 342 
teeth, iii. 290 
vertebral column, ii. 334 
Phascolomys, characters of, ii. 269 
jilimentary canal, iii. 420 
limb-bones, ii. 350-356, 358-362 
mammary glands, iii. 769 
mesencephalon, iii. 98 
organs of generation, male, iii. 648 
female, iii. 68l 
prosencephalon, iii. 107, 111 
skull, ii. 335-345, 347 
teeth, iii. 292, 313 

vertebral column, ii. 328-330, 331, 
333, 334 

Phascolotherium, characters of, i. xxxi 
dentition of, iii. 790 
skull, ii’. 360 

Phasianus, alimentary canal of, ii. 171 
dorsal vertebrae and sternum, ii. 27 
generative system, ii. 257 
Philedon, wattles of, ii. 129 
Phoea (Calocephalus) vitulinus, characters 
of, i. xix ; ii. 289, 296 
alimentary, canal, iii. 446 
development, iii. 745 
heai’t, iii 524 
limb-bones, ii. 507 
liver, iii. 486 
lungs, iii. 681 
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Phoca (Caloeeplialus) — contintied. 

organs of generation, male, iii. 609 
female, iii. 698 

pancreas, ii. 494 
prosencephalon, iii. 118, 119 
teeth, iii. 337 
thymus gland, iii. o61 
urinary system, iii. 605 
Phoca grfenlandiea, liinh-bohes of, ii. 607 
prosHiicepluilon, iii. 115 ♦ 

skull, ii. 498 

Tcrtebral column, ii. 488, 489, 494 
Phociena communis, alimentary canal of, 
iii. 452 

arteries, iii. 536 

female organs of generation, iii. 691 
heart, iii. 521 
larynx, iii. 587 
myolon, iii. 75 
nerves, iii. 152, 168 
organ of hearing, iii. 225 
skull, ii. 424 
reins, iii. 554 
vertebrate column, ii. 418 
Phocena orca, teeth of, 281 
Phocidje {syn. Piniiigrada), characters of, 
ii. 288 

locomotion, iii. 66 
mammary glands, iii. 780 
nerves, iii. 147 
organ of hearing, iii. 234 
teeth, iii. 336 

vertebral column, ii. 490, 494 
Phocidae, organ of hearing of, iii, 234 
teeth, iii. 336 

Phry nosoma, teguments of, i. 555 
teeth, i. 403 

Phycis, pelvic arch and limb of, i. 180 
Phyllonycteris, mouth of, iii. 387 
organ of taste, iii. 192 . 

Phyllostoma, derm of, iii. 613 
mouth, iii. 387 
teeth, iii. 310 

Phyllunis, teguments of, i. 556 
Physeter macrocephaliis, larynx of, iii. 558 
limb-bones, ii. 426 
oi*gan of hearing, iii. 231 
skull, ii. 422 

teeth, i. 362, 363 ; iii. 363 
vertebral column, ii. 415, 419 
Physeteridse, skull of, ii. 419 
Physiological anatomy, i. vii 
Picidee, characters of, ii. 12 
locomotion, ii. 116 
osseous system, ii. 37 
Picus, digestive system of, ii. 152 
tongue, ii. 152 
salivaiy glands, ii. 155 
pancreas, ii. 158 

osseous system, ii. 19, 28, 58, 60 
Pimelodus, air-bladder of, i. 491 
liver, i. 427 
locomotion, i. 247 


PIS 

Pi m clodus — con t inned. 
organ of sight, i. 335 
teeth, i. 374 

Pinnigrada. ^8ee Phocidae 
Pipa, characters of, i. 15 
development, i. 528 
larynx, i. 528 
lungs, i. 523 
organ of hearing, i. 347 
organ of sight, i. 337 
organ of smell, i. 330 
organ of taste, i. 327 
pelvic arch and limb, i. 183, 184 
teguments, i. 551 
vertebrae, i. 34 

vertebral column, i. 46, 49, 50 
Pipidae, organs of taste of, i. 327 
Pisces, absorbent system of, i. 456 
lacteal system, i. 456 
lymphatic system, i. 456 
chyle and lymph, i. 458 
adrenals, i. 542 

variation of structure, i. 543 
air-hladdcr, i. 5, 255, 491, 494 
form, i. 491 
walls, i. 492 

variation in respect to the ab- 
sence or presence of the air- 
bladder, i. 493 
vascular system, i. 494 
contents, i. 494 
function, i. 495 

homology of tho swim-bladder 
with the lungs, i. 497 
alimentary canal, i. 409 

abdominal cavity, i. 409 
mouth, i. 409 
tongue, i. 411 
salivaiy system, i. 412 
cesophagus, i. 414 
stomach, i. 416 

cardiac oridee, i. 416 
forms, i. 416 
cfpcal, i. 416 
siphouial, i. 116 
modifications, i. 416-418 
muscular action, i. 419 
intestinal canal, i. 420 
large, i. 420 
small, i. 420 

tunics, i. 421 

muscular fibres, i. 
421 

mucous menibrano, 
i. 421 

spiral valve, i. 422 
cloacal outlet, i. 424 
armour-plates, i. 246 
arteries, i. 488 
blood, i. 463 

colour, i. 463 
blood-discs, i. 463 
organic matters, i. 463, 464 
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ns 

Pisces — contin iced. 
cerebellum, i. 274 
brain, i. 275 

developmental characters, i. 4 
electric organs of, i. 350 
generative products and development, 
i. 589 

sperm-cells, spermatoa, and sperm- 
atozoa, i. 589 

ovulation in Osseous Pishes, i. 

592 

stages of development, i. 593 
outer coat of the roe, i. 594 
ovulation in Cartilaginous Fishes, 
i. 597 

fecundation, i. 599 
development, i. 601 
growth and nests, i. 611 
metamorphoses, i. 611 
marsupial pouches, i, 613, 614 
generative system, i. 568 
male organs, i. 568 
female organs, i. 571 
varieties of forms, i. 676 
hearing, organs of, i. 342 
heart, i. 470 
kidneys, i. 533 
shape, i. 534 
tissue, i. 534 
circulation, i. 537 
liver, i. 425 

texture, i. 425 
size, i. 425 
forms, i. 426 
gall-bladder, i. 427 
locomotion, i. 243 

etfects of cutting off fins, i. 259 
muscular system, i. 202 
nerves, i. 297 
nervous system, i. 268 

inyolencephalon, i. 268 
osseous system — 

dermoskeleton, i. 193 
pectoral limb, i. 163 
pelvic arch and limb, i. 179 
skull, i. 92 

vertebral column, i. 34 
pancreas, i. 284 

proportion of hard and soft mat- 
ter, i. 19 

pyloric appendages, i. 428 
reproduction of parts, i. 567 
respiratory system, i. 475 
gills, i. 475 

purpose, i. 479 
modifications, i. 484 
mechanism of branchial re- 
spiration, i, 488 

views respecting homologies and 
analogies of respiratory organs, 
498 

sight, organs of, i. 331 
smell, organs of, i. 328 


PLA 

Pi sees — con t in wd. 
spleen, i. 490 
t^'eth, i. 368 
teguments, i. 546 
skin, i. 546 
scales, i. 516, 547 
lubricating mucus, i. 550 
thyroid body or gland, i. 564 
touch, organs of, i. 325 
urinary bladder, i. 535 
veins, i. 464 

why turn upside down in death, i. 258 
Pithecia crysocephala, teeth of, iii. 315 
Pithecus satyrus, characters of, i. xx ; ii. 
272, 273 

alimentary canal, iii. 434 
arteries, iii. 536 
brain, iii. 127, 131 
feet, ii. 553 
larynx, iii. 600 
locomotion, iii. 70 
lungs, iii. 582 
mammary organs, iii. 780 
osseous system, ii. 520 
skull, ii. 534 
clavicle, ii. 544 
teeth, iii. 316 
Placentalia, iii. 285 
Placed us, diameters of, i. 16 
teeth, i. 387 

Placoganoidei, charactoi’s of, i. xxxviii, 12 
Plagiaulax, dentition of, iii. 790 
skull, ii.*350 
teeth, iii. 294, 314 
Plagiostomi, characters of, i. 7, 8 
locomotion, i. 253, 255 
Plagiostomi, characters of, i. 8, 13 
skull, i. 76 

Planirostra (sy7i. Spatnlaria) spatula, ali- 
mentary canal of, i. 410, 411, 415, 
416, 421 

gills, i. 482, 486 
skull, i. 75 

Platalea, dorsal vertebrae and sternum of, 
ii. 23 

beak, ii. 148 
pelvic limbs, ii. 82 

I Platau’sta, limb-bones of, ii. 427, 428 
skull, ii. 425 

Platax, changes accompanying growth of, 

. i. 612 
teeth, i. 371 
vertebral column, i. 39 
Platums, teguments of, i. 554 
Platycephalus, vertebral column of, i. 13 
Platydactylus guttutus, larynx of, i. 529 
liver, i. 419 

Platydactylus vittatus, larynx of, i. 520 
PJatynrantis plicifera, tegumen s of, i. 552 
Platypeltisfero^c, alimentary canal of, i, 446 
fecundation, i. 615 

Platyrhina, characters of, ii. 291, 295 
alimentary canal. Hi. 432 
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Platyrhina — continued, 
craniuTii, ii. 629 
dorso-liimbar vertcbrse, ii. 615 
larynx, iii. 598 
mammary glands, iii. 780 
organ of smell, iii. 216 
organs of generation, male, iii. 672 

female, iii. 703 
prosencephalon, iii. 126 
tail, prehensile, iii. 71 
teeth, iii. 315 

Plectognathi, characters of, i. 11 
Pleoctus ali’nentary canal of, iii. 129 
l^lesiosanrus, characters of, i. 16 
organ of smell, i. 330 
pelvic arch and limb, i. 181 
vertebral colnmn, i. 51, 52 
riestiodon, teguments of, i. 552 
Plethodon, teguments of, i. 552 
rieurodeles, vertebral column of, i. 49 
Pleuroncctes, characters of, i. 10 
alimentary canal, i. 421 
veins, i. 468 

Plouronectes platessa, myencephalon of, ; 
278 

ovulation, i. 596 

pyloric appendages and pancreas, i 
431, 432 

vertebi’al column, i. 46 
Pleuroncctes solea, myencephalon of, i. 278 
teguments, i. 546 
vertebral column, i. 45 
Pleuronectidae, characters of, i. 10 
myelencephulon, i 275 
organ of sight, i. 331, 334 
organs of generation, male, i. 569 
female, i. 574 

skull, i. 109, 110, 112 
Pleuroslornon, vertebral column of, i. 64 
Pliolophus, characters of, ii. 284 
geological remains of, iii. 792 
teeth, iii. 341, 343, 375, 377 
Pliosaurus, characters of, i. xxxviii, 16 
pectoral limb, i. 171 
teeth, i. 387 
vertebral column, i. 53 
Plocous, eggs of, ii. 257 
Plotus, characters of, ii. 9 
Plyctolophus, osseous system of, ii. 58, 63 
Podargus, osseous system of, ii. 28 

dorsal vertebrae and sternum, ii. 

28 

sacral vertebrae and tail, ii. 34 
skull, ii. 51, 53 
pelvic limbs, ii. 81 

Podicei s, alimentary canal of, ii. 174 
dorsal vertebrae and sternum, ii. 25 
heart, ii. 188 
pelvic limbs, ii. 82 

sacral vertebrae, pelvis, and tail, ii. 31, 
34, 36 
skull, ii. 54 

Podocnemys, skull of, i. 134 


PRI 

Poecilia, teeth of, i. 373 
Poison-fiings of serpents, i. 395 
Poison-glands of Reptih's, i. 563 
Polychrus, lungs of, i. 525 
Polynemus, air-bladder of, i. 493 
myclencephalon, i. 271 
organ of touch, i. 326 
Polypedates, alimentary canal of, i. 436 
absorbents, i. 468 
arteries, i. 5jL6, 618 
development, i. 619-624, 629, 640 
fecundation, i. 615 
female organs of generation, i. 585 
gills, i. 613 
kidneys, i. 538 
larynx, i. 627 
lungs, i. 523 

male organs of generation, i. 579 
pancreas, i. 454 
reproducible parts, i. 567 
semination, i. 592 
teguments, i. 552, 553 
veins, i. 502 

Polyplectron, dorsal vortebne and sternun 
of, ii. 27 

Polyprion, skull of, i. 108, 120 
Polypterus, characters of, i. xxvii. 
air-bladder, i. 491, 494 
alimentary canal, i. 417, 422 
blood, i. 500 

dermoskeleton, i. 195^197 
gills, i. 480 
liver, i. 427 
locomotion, i. 247 
pectoral limb, i. 167 
scapular arch and appendages, i. 162 
skull, i. 107, 108, 111, 118, 120, 12C 
156 

teguments, i. 649 

vertebral column, i. 37-39, 43, 4 4 
Polyptychodon, characters of, i. xxxviii 
teeth, i. 387 

Pomacentrus, characters of, i. 1 1 
Porcupine, lower jaw of, iii. 151 
organs of generation, iii. 650 
skull, ii. 374 
spines, iii. Q22 
Porphyrio, skull of, ii. 57 
Porpoise, arteries of, iii. 538 
bones, ii. 418, seq. 
nerves, iii. 152, 168 
Potamogale, teeth of, iii. 305 
Praecoces, characters of, ii. 7 
development of, ii. 266 
Priodon, teeth of, i. 372, 377, 378 ; iii. 2G( 
273 

Prionitidae, characters of, ii. 11 
Prionodoii, teeth of, i. 377, 378 
Prionotus, air-bladder of, i. 491 
Pristidse, characters of, i. 13 
Pristipomatidse, alimentary canal of, i. 4! 
Pristis, growth, and nests of, i. 611 
liver, i. 426, 427 
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Pristis — con filmed. 
locomotion, i, 252 
organ of smell, i. 329 
skull, i. 81 

teeth, i. 373, 378, 383 
Prohoscidia, alimentary canal of, iii, 455 
characters, ii. 283 
organs of generation, iii. 660 
male, iii. 660 
female, iii. 698 
osseous system, ii. 437 
skeleton, ii. 437 • 

A. vertebral column, ii. 437 
cervical, ii. 437 
dorsal, ii. 437 
lumbar, ii. 438 
sacral, ii. 438 
caudal, ii. 438 
P. skull, ii. 438 
vomer, ii. 430 
frontal, ii. 440 
nasals, ii. 440 
premaxillaiy, ii. 410 
maxillary, ii. 440 
jaws, ii. 440 

C. bones of the limbs, ii. 441 
scapula, ii. 441 
humerus, ii. 442 
radius, ii. 442 
ulna, ii. 442 
femur, ii. 413 
tibia, ii. 4 13 
fibulu, ii. 411 
patella, ii. 444 
toot, ii, 444 
teeth of, iii. 359 
Proboscis of elephant, iii. 390 
Procellaria, characters of, ii. 9 
alimentary canal, ii. 165 
organ of smell, ii. 131 
pelvis, ii. 31 
sternum, ii. 23 

Procmlia, characters of, i. xxxviii, 17 
vertebral column, i. 69 
Procyon lotor, limb-bones of, ii. 501, 503, 508 
teeth, iii. 334 
vertebral column, ii. 491 
Propithecus diadoma, limb-bones of, ii. 542 
Proteus, characters of, i. xxxii 
arteries, i. 516 
gills, i. 514, 515 
heart, i. 506 

male organs of generation, i. 576 
organ of hearing, i. 347 
organ of sight, i. 337 
organ of smell, i. 330 
pectoral limb, i. 170 
pelvic arch and limb, i. 181, 182 
thymus body, i. 665 
Protopteri, characters of, i. 14 
organ of smell, i. 330 
skull, i. 82 

vertebral column, i. 46 


PTE 

I Protoptenis annectons, characters of, i. 
xxxii 

air-bladder, i. 491, 498 

alimentary canal, i. 413, 415, 417 

development, i. 610 

gills, i. 475, 477, 482, 485, 486 

heart, i. 474 

liver, i. 451 

inyel encephalon, i. 277, 282-285 
nerves, iii. 163 
pelvic arch and limb, i. 181 
scapular arch, i. 162; iii. 165 
skull, i. 108; ii. 302, 306 
vertebral column, i. 41, 17 
Protorosaums, teeth of, i. 405 
Proventriculus of Aves, ii. 160 
Prycnodon, teeth of, iii. 334 
Psammodus, teeth of, i. 378 
Psammopliis, alimentary canal of, i. 446 
liver, i. 450 

Psammosaunis griseus, arteries of, i. 519 
oviposition, i. 617 
thyroid body, i. 565 
Psettus, characters of, i. xxxii i 
Pseudopus, absorbents of, i. 459 
lungs, i. 525 
vertebral column, i. 57 
Psittaeidffi, characters of, ii. 12 
alimentary canal, ii. 173 
external sexual characters, ii. 258 
liver, ii. 177 
lower larynx, ii. 224 
nervous system, ii. 119 
osseous system, ii, 55, 78, 81 
Psittacus, lower larynx of, ii. 221 
osseous system, ii. 23, 30, 32, 51 
Psophia, osseous system of, ii. 21, 23, 32, 
67 

Pterichthys, cliaracters of, i. 12 
dermoskeleton, i. 197 
Pterocles, dorsal vertebrre and pelvis of, 
ii. 27 

generative system, ii. 256 
Pterodactylus, characters of, i. xxxviii, 18 
locomotion, i. 265 
pectoral limb, i. 176, 177 
skull, i. 158, 161 
teeth, i. 405, 406 
vertebral column, i. 70 
Pterodon, tooth of, iii. 338 
Pteromys volucella, characters of, ii. 276 
derm, iii. 612 
limb-bones, ii. 384 
organ of hearing, iii. 231 
organ of sight, iii. 247 
Pteropu.*!, characters of, ii. 278, 296 
development, iii. 730 
larynx, iii. 686 
limb-bones, ii. 393 
lungs, iii. 577 
mammary glands, iii. 776 
trgan of hearing, iii. 229 
organs of generation, male, iii, 657 
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Ptoropiis — continued, 

organs of generation, female, iii. 689 

organs of taste, iii. 192 

organs of touch, iii. 190 

pancreas, iii, 484 

sknll, ii. 388 

spleen, iii. 562 

teeth, iii. 311 

vertebral column, ii. 387 I 

Pterosauria, characters of, i. xxxviii, 6, 18 | 

pectoral limb, i. 175 
skull, i. 161 
vertebral column, i. 70 
Ptilonorhyivlius, nest of, ii. 258 
Piychognatus, teeth of, i. 400 
Ptychemys rugosa, lungs of, i. 526 
Ptyodactylus liinbriatus, lungs of, i. 525 
Putorius, bones of the limbs of, ii. 509 
prosencephalon, iii. 116, 120 
skull, ii. 501 
teeth, iii. 333 

Putorius ermineiis, organ of sight of, ii. 143 
vertebral column, ii. 491 . 

Putorius furo, development of, iii. 744 i 
Pycnodontidm, characters of, i. 12 
teeth, i. 378 

Pycn('dus, characters of, i. 12 
Pygopus lepidopus, teguments of, i. 557 
Pyrgita, generative system of, ii. 243, 245 j 
Pyrrhuhi, eggs of, ii. 267 
skull, ii. 422 

Python, absorbents of, i. 459 
arteries, i. 520 
Iher, i. 451 

mycb'ncephalon, i. 292 
myology, i. 225 
skull, i. 148 
teguments, i. 554 
vertebral column, i. 60 
Python amothystinus, teguments of, i. 558 
thymus body, i. 565 

Python bivittatns, oviposition in, i. 617 
Python Schlegeliii, teguments of, i. 655 
Python tigris, arteries of, i. 519 
kidneys, i. 639 
lungs, i. 524 
muscles, i. 224, 228 
nerves, i. 316 
organ of sight, i. 338 
pancreas, i. 453 
skull, i. 147 
teeth, i. 394 
teguments, i. 554 
tliymus body, i. 565 
vertebral column, i. 56 


Q UADRUMANA, adrenals of, iii. 570 
alimentary canal, Hi. 429 
characters, ii. 290 
brain, iii. 129 
development, iii. 746 
ear, iii. 235 


KAI 

Quadrumajia— CO J? /in ued. 
locomotion, iii. 70 
mouth, iii. 395 
muscles, iii. 62 
nerves, iii. 154, 162 
organ of sight, iii. 252 
organ of smell, iii. 216 
organs of generation, iii. 672 
male, iii. 672 
female, iii. 701 
osseous system, ii. 611 
skeleton, ii. 511 

A. vertebral column, ii. 512 

dorsal, ii. 512-525 
lumbar, ii. 512-525 
sacral, ii. 512-525 
cervical, ii. 512-525 

B. skull, ii. 525 

bones of the, ii. 525-531 

C. bones of the limbs, ii. 531 

scapula, ii. 539-553 
clavicle, ii. 539-553 
hiimcnis, ii. 539-553 
radius, ii. 539-553 
wrist-bones, ii. 539-55»" 
ilium, ii. 540-553 
ischia, ii. 540-553 
pubic bones, ii. 540-55J 
femur, ii. 510-553 
tibia, ii. 540-553 
fibula, ii. 541-553 
tarsal, ii. 541-553 
respiratory system, iii. 582 
salivary system, iii. 405 
sympathetic system, iii. 181 
toetli, iii. 313 
tongue, iii. 199 
urinary system, iii. 608 
veins, iii. 555 


E ABBIT, alimentary canal of, iii. 423 
generation of, iii. 724 
locomotion, iii. 69 
ovum, i. 2 

stages of development, i. 3 
genus, i. 3 

Rachiodon. to Deirodon. 

Racoon, bones of, ii. 501 
Kaia batis, 

heart, i. 474 
muscles, i. 201 
myolencephalon, i. 271 
nerves, i. 299, 302 
Ovulation, i. 698 
. skull, i. 80 

sympathetic nervous .system, i. 319 
teguments, i. 549 
thyroid body, i. 564 
Raia clavata, myelencephalon of, i. 271 
vertebral column, i. 36 
Raia maculata, female organs of generatioi 
of, i. 575 
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Raia oxyrhynchus, semination of, i. 590 
Kaiidm, characters of, i. 13 
Jlallus, locomotion of, ii. 113 
Kamphorynchus, characters of, i. 18 
vertebral column, i. 70 
Rana boaiis, vertebral column of, i. 49 
Rana catosbiana, alimentary cjinal of, i. 
440 

liver, i. 450 
pancreas, i. 454 

Rana osculenta, development of, i. 622 
vertebral column, i. 47 
Rana temporaria, characters of, i. 15 
alimentary canal, i. 435 
nerves, i. 316 
organ of sight, i. 337 
pelvic arch and limb, i. 183 
skull, i. 86, 89, 175 
sympathetic nervous system, i. 319 
teeth, i. 392 
vertebral column, i. 49 
Raniceps trifurcatiis, pelvic arcli and limb 
of, i. 180 

Ranina, characters of, i. 15 
Raptores, characters of, ii. 1 1 
pelvis, ii. 32 
sternum, ii. 27 

Rasores, characters of tlio order, i. 10 
Rat. Si'e Mils 

Ratolus mellivorus, female organs of gene- 
ration of, iii. 700 
limb-bones, ii. 509 
skull, ii. 501 

Rattlesnake, muscles of the, i. 227 
Rays, absence of air bladder in, i. 255 
Recurvirostra, skull of, ii. 61 
R(‘genia oeellata, lungs of, i. 525 
Reindeer, bones of, ii. 461, 478 
stomach, iii. 172 
Repentia, cliaract()rs of, i. 1 7 
Reproducible parts in llsematocrya, i. 566 
Ratracliia, i. 566 
Reptilia, i. 567 
Fishes, i. 567 

Reptilia, absorbents, i. 458 
lacteals, i. 458 
lymphatics, i. 459 
alimentary canal, i. 433 

abdominal cavity, i. 433 
mouth, i. 434 
tongue, i. 435 
salivary apparatus, i. 439 
cesophagus, i. 4 10 
stomach, i. 440 
intestinal canal, i. 442 
forms, i. 443 
muscular tissue, i. 444 
mucous membrane, i. 414 
spiral valve, i. 446 
cloacal orilice, i. 448 
liver, i. 448 
gall-bladder, i. 451 
pancreas, i. 453 


RHE 

! Reptilia — continued, 

■' arteries, i. 516 

distribution of arterial blood, i. 520 
blood, i. 500 

discs, i. 500, 501 
quantity, i. 501 
colour, i. 501 

developmental charact(;rs, i. 5 
feemdation, i. 614 
oviposition, i. 616 
development of Ratrachia, i. 619 
of scaled Reptiles, i. 630 
generative system, i. 579 
male, i. 583 
female, i. 585 

ovulation in scaled reptiles, i, 
597, 599 
I gills of Ratrachia, i. 512 
I liearing, organs of, i. 347 
heart, i. 505 
kidneys, i. 537 
larynx, i. 527 
locomotion, i. 259 

in lijnbed reptiles, i. 262 
lungs, i. 521, 530 
muscular system, i. 215 
nerves, i. 309 
nervous system, i. 290 
! mycdenccphalon, i. 290 

osseous system : pr(jporti()n of hard and 
i soft matter, i. 20 

! dermoskeloton, i. 198 

I pectoral limb, i. 169 

pelvic arch and limb, i. 181 

I poison-glands, i. 563 

I reproduction of parts, i. 567 

j respiratory system, i. 516, 521 

1 actions, i. 530 

j scent-glands, i. 562 

I sight, organs of, i. 337 

smell, organs of, i. 330 
i teeth, i. 385 

teguments, i. 550 
skin, i. 550 

mucous follicles, i. 552 
periodical shedding of the epi- 
derm, i. 553 

thymus body or gland, i. 5G5 
[ thyroid body or gland, i. 564 
tone]], organs of, i. 327 
veins, i. 501 

! Rhamphastos, fauces and tongue of, ii. 130, 
151 

liver, ii. 151 

I organ of smell, ii. 130, 131 
j . osseous system, ii. 28 
I Rhamphastidte, characters of, ii. 12 
j alimentary canal, ii. 1 73 
osseous system, ii. 67 
‘Rhea, alimentary canal of, ii. 161 
generative system, ii. 257 
osseous system, ii. 19, 23, 35, 49, 52, 

I 64,61.66.311 
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Rhinelepis, air-bladder of, i. 493 
Rhinobates, heai-t of, i. 474 
pectoral limb, i. 160 
vertcbrjil column, i. 36 
Khinobatidse, characters of, i. 13 
Rhinoceros, characters of, ii. 283 
habitat of the, iii. 794 
muscles, ii. 49 

Rhinoceros ipdicus, characters of skeleton 
of, ii. 281, 285 
brain, size of, iii. 143 
cerebellum, iii. 90 

fomalo organs of generation, iii. G93 

glands opening on tlio feet, iii. 638 

heart, iii. 522 

horns, iii. 621 

limb-bones, ii. 455 

lungs, iii. 580 

organ of sight, iii. 260 

organ of hearing, iii. 233 

peculiar glands, iii. 638 

peritoneum, iii. 503 

prosencephalon, iii. 120-122 

skull, ii. 450 

teeth, iii. 340, 342, 356, 377 
tongue, iii. 195 

Rhinoceros Kotloa, horns of, iii. 624 
Rhinoceros leptorhinus, alimentary canal 
of, iii. 450 

Rhinoceros niinutus, horns of, iii. 624 
Rhinoceros Orwellii, horns of, iii. 621 
Rhinoceros sondaicus, horns of, iii. 624 
Rhinoceros sumalranus, female organs of 
generation of, iii. 681 

Rhinoceros tichicoruis, alimentary canal of, 
iii. 450 
hair, iii. 618 

Rhinolophus, alimentary canal of, iii. 429 
derm, iii. 613 
organ of smell, iii. 209 
organ of touch, iii. 189, 190 
skull, ii. 388 
spleen, iii. 562 

Rhinophis, organ of hearing of, i. 3 18 
Rliinophryniis, alimentary canal of, i. 436 
Rhinoporaa, alimentary canal of, iii. 129 
derm, iii. 613 
mouth, iii. 387 
Rhino])tura, skull of, i. 82 
Rhizodiis (probably a Ganocophale), teeth 
of, i. 378 

Rhombopholis, characters of, i. 15 
Rhombus maximus, liver of, i. 427 
myeleneephalon, i. 278 
pyloric appendage and pancreas, i. 430 
vertebral column, i. 42 
Rhombus xanthurus, alimentary canal of, 
i.415 

Rhynchocephalus {syn. Hatteria), skull of, 
i. 154, 159 
teeth, i. 388 
vertebral column, i. 57 
Rhynchiea australis, ii. 220 


RUM 

Rhynchosaurus, teeth of, i. 385, 400 
Khynchotus, skull of, ii. 55 
Rhyncocyon, alimentary canal of, iii. 427, 428 
mesencephalon, iii. 98 
mouth, iii. 384 
nerves, iii. 151 

organs of generation, male, iii. 657 
female, iii. 688 
prosencephalon, iii. 109 
skull, ii. 390 
spleen, iii. 560 
teeth, iii. 306 

Rhyncops, characters of, ii. 9 
beak, ii. 147 
skull, ii. 57 

Rhytina, female organs of generation of, 
iii. 692 
heart, iii. 521 
.. organ of sight, ni, 250 
organ of taste, iii. 194 
skull, ii. 433 
lU’inary system, iii. 107 
vertebral column, ii. 430, 432 
Rhyzaena tetradactyla, alimentary canal of, 
iii. 444 

limb-bones, ii. 510 
male organs of generation, iii. 670 
Rodenlia, alimentary canal of, iii. 420 
characters, ii. 276 
liver, iii. 484 
locomotion, iii. 68 
muscles, iii. 16 
pancreas, iii. 493 
organs of generation, iii. 619 
male, iii. 649 
female, iii. 687 
organ of hearing, iii. 231 
organ of smell, iii. 209 
osseous system, ii. 364 
skeleton, ii. 364 

A. vertebral column, ii. 364 

cervical, ii. 364 
dorso-lnmbar, ii. 3^4 
sacral, ii. 365 
caudal, ii. 365 

B. skull, ii. 367 

in various species, ii. 367 

C. bones of the limbs, ii. 378 

in various species, ii. 

378-384 

respiratory system, iii. 577 
salivary glands, iii. 398 
teeth, iii. 294 

tegumentary system, iii. 609 
tongue, iii. 191, 193 
Rostral bones in Marsupialia, ii. 34 4 
Sus, ii. 468 

Ruminantia, alimentary canal, iii. 470 
arteries, iii. 547 
development, iii, 737 
heart, lii. 522 
horns, iii. 624 
mouth, iii. 392 
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lluminantia — continued. 
nerves, iii. 153 
organs of generation, iii. 6G7 
organ of hearing, iii. 233 
organ of sight, iii. 251, 252 
organ of smell, iii. 211 
p(iculiar glands, iii. 632 
spleen, iii. 561 
teeth, iii. 349, 350 
thyroid, iii. 565 
tongue, iii. 196 
urinary system, iii. 607 
Rumination of Kangaroo, iii. 415 


S ACCOBRANCHUS, gills of, i. 488 
Saccolainius, mouth of, iii. 387 
Saccomys, mouth of, iii. 386 
Saccoptcryx, derm of, iii. 613 

glandular cutaneous sac of, iii. 638 
Saccostornus, mouth of, iii. 386 
Salamandra atra, absorbents of, i. 458, 462 
arteries, i. 516 
gills, i. 515 
heart, i. 506, 507 
lungs, i. 521 
mus('lcs, i. 216-218 
organ of sight, i. 337 
veins, i. 502 
vertebral column, i. 49 
Salamandra glutinosa, teeth of, i. 386 
Salamandra japonica {pyu. uuguiculata'), 
fecundation of, i. 615 
teguments, i. 651 

Salamandra maCiilosa, characters of, i. 15 
fecundation, i. 614 

female organs of generation,!. 584,535 
lungs, i. 521 
muscles, i. 215, 222 
pelvic arch and limb, i. 182 
teguments, i. 552 
vertebral column, i. 49 
Saltimandridje, characters of, i. 15 
pelvic arch and limb, i. 182 
Salamandroicloi, characters of, i. 12 
sk\ill, i. Ill 

Salarias, fecundation of, i. 599 
Saliva, analysis of, iii. 409 
Salmo, alimentary cjinal of, i. 421 
gills, i. 481 
nerves, i. 297, 306 
osseous system, i. 38 

vertebral column, i. 38, 44 
pelvic arch and limb, i. 179 
ovulation, i. 592, 695 
pancreas, i. 432 
teguments, i. 647 
veins, i. 468 

Salmo eriox, pectoral limb of, i. 165 
pelvic arch and limb, i. 180 
vertebral column, i. 44 
Salmo fario, nest of, i. 614 

pelvic arch and limb, i. 179 


SCL 

I Salmo salar, growth and migrations of, i. 

612, 613 
liver, i. 429 
organ of sight, i. 333 
pelvic arch and limb, i. 179 
Salmon, development and growth of, i. 612 
Salmonidfe, characters of, i. 10 
locomotion, i, 25A 
osseous system, *37 

vertebral column, i. 37 
I skull, i. 114 

pelvic arch and limb, i. 180 
teeth, i. 372 

Sarcoramphus, lower larynx of, ii. 221 
osseous system, ii. 27, 81 
Sargus, alimentary canal of, i. 417 
development of bones, i. 2 1 
mj'elencephaloii, i. 283 
teeth, i. 377, 382, 390 
Sartorius muscle in Aves, ii. 102 
Sauropterygia, characters of, i. xxxviii, 16 
teeth of, i. 388 
vertebral column, i. 51 
Saurus, characters of, i. 10 
Savian corpuscles, i. 324 
Scales of Aves, ii. 232 

Fishes, 646-549 

calcification, i. 549 
Mammalia, iii. 622 
Sealops, teeth of, iii. 303, 304 
Scansores, characters of, ii. 11 
pelvis, ii. 32 
sternum, ii. 28 

Scaru.s, pectoral limb of, i. 166 

teeth, i. 369-372, 377, 378, 382 
vertebral column, i. 34 
Scelidosaurus, characters of, i. 18, 19 
Scent-glands of Atammalia, iii. 637 
Reptiles, i. 562 

Sciicna, alimcntjiry canal of, i. 421 
air-bladder, i. 492 
liver, i. 427 

Sciaenidie, cliaracters of, i. 11 
Scincidie, dermoskeletoii of, i. 198 
pectoral limb, i. 175 
teeth, i. 388 

Scincus officinalis, teeth of, i. 401 
Sciuridie, limb-bones of, ii. 383 

female organs of generation, iii. 686 
Sciurus cinereus, alimentary canal of, iii. 
421 * 

limb- bones, ii. 383 

Sciurus maxiinus, limb-bones of, ii. 383 
liver, iii. 485 

Sciurus palmarum, mammary glands of, iii. 

775 

Sciurus vulgaris, alimentary ^janal tJf, iii. 
421, 424 

organs of generation, male, iii. 649 
Sderodermi, characters of, i. 11 
Scleirogonida>, characters of, i. 11 
pectoral limb, i. 166 
skull, i. 123 
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Scoliodon, alimentary canal of, i. 422 
lungs, i. 525 

Scolopax, dorsal vertebrae and sternum of, 
ii. 23, 26 

sacral vertebrae, pelvis, and tail, ii. 32 
skull, ii. 54 
pelvic limbs, ii. 82 

Scomber scombrus, t^onals of, i. 542 
alimentary camif i. 418, 421 
myology, i. 204 
nerves, i. 297, 306 

Scomber trachinus, myeleneeplialon, f. 283 
Scomberesox, characters of, i. 10 
Scomberidae, characters of, i. 11 
locomotion, i. 254 
Scopelidse, characters of, i. 10 
Scops, osseous system of, ii. 32 
Scorpaena, gills of, i. 480 

pyloric appendages and pancreas, i. 
430 

Scorpaena scrofa, heart of, i. 473 
Scylliidm, characters of, i. 13 
alimentaiy canal of, i. 423 
Scylliura, development of, i. 609, 610 
female organs of generation, i. 575 
heart, i. 474 
organ of touch, i. 325 
semination, i. 590 
vertebral column, i. 33, 35 
Scylliiim caniciila, development of, i. 610 
fecundation, i. 598 
Scymniidae, characters of, i. 13 
Scymnus, heart of, i. 474 
vertebral column, i. 35 
teeth, i. 373 

Scymnus lichia, skull of, i. 78 
Scymnus iiicaeensis, semination of, i. 590 
Sea-lion, bones of, ii. 497 
Seal, alimentary canal of, iii. 445 
bones, ii. 488, 494 
* salivary gland, iii. 404 
Sebastes, gills of, i. 480 
liver, i. 427 

Selache maxima, alimentary canal of, i. 415, 
417, 423 
growth, i. 611 
kidneys, i. 534 
hver, i. 426 

male organs of generation, i. 570 
myelcncophalon, i. 273 
organ of sight, i. 334 
vertebral column, i. 33 
Sola chi i, characters of, i. 13 
Semiophorus, teguments of, i. 556 
Semnopithecus entollus, alimentary canal 
of, iii. 432, 446 
diseous system, ii. 519, 533 
Semnopithecus fascicularis, alimentaiy 
canal, iii. 433, 446 

Semnopithecus melalophis, osseous system 
of, ii. 519 

Seps, teeth of, i. 401 
Serpents. See Ophidla 


SIR 

Shark, corobollum of, i. 287 
locomotion, i. 245 
pectoral fins of, i. 257 
skeleton, i. 245 

Sheep, alimentary canal of, iii. 471 
bones, ii. 462, 474 
organ of smell, iii. 214 
Shrews, teeth of, iii. 301 
Siamang, bones of, ii. 520, et seq. 
skeleton of, ii. 291 

Sieboldia, male organs of generation of, 
i. 576, 577 

Sillago, air-bladder of, i. 491 
Siluridse, alimentary canal of, i. 421 
dermoskeleton, i. 193 
liver, i. 425 
locomotion, i. 268 
nerves, i. 299 
organ of touch, i. 325 
osseous dermal plates of, i. 248 
Silurus, organ of sight, i. 355 
pcctonil limb, i. 166, 167 
teeth, i. 371 

Silurus glanis, ahsorbonts of, i. 457 
arteries, i. 489 
teeth, i. 369 
veins, i. 468 
Siredon. See Axolotes 
Siren, blood-discs of, i, 4 
characters of, i. 5 
adrenals, i. 543 

female organs of generation, i. 583 

gills, i. 514, 515 

heart, i. 506 

kidneys, i. 537 

larynx, i. 527 

liver, i. 448, 451 

pelvic arch and limb, i. 179 

teeth, i. 391 

togiimonts, i. 552 

thymus body, i. 565 

vertebral column, i. 47 

veins, i. 501 

Sirenia, alimentary canal, iii. 454 
characters, ii. 281 
heart, iii. 621 
liver, iii. 478 
nervous systc;m, iii. 75 
organs of generation, iii. 660 
hearing, iii. 226 
sight, iii. 250 
smell, iii. 210 
respiratory system, iii. 579 
teeth, iii. 283 
tongue, iii. 191 
osseous system, ii. 429 
skeleton, ii. 429 

A. vertebrate column, ii. 430 

cervicals, ii. 430-432 
dorsal, ii. 430-432 
lumbo-caudal, ii. 430 
sacral, ii. 430-432 

B. skull, ii. 433 
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Sironia— skeleton — continued. 

rostral, ii. 433 
maxillary, ii. 434 
mandible, ii. 434 
C. bones of the limbs, ii. 435 
scapula, ii. 435 
humerus, ii. 436 
radius, ii. 436 
ulna, ii. 436 
carpal a, ii. 436 
Sitta, characters of, ii. 10 
Sivatherium, horns of, iii. 625 
skull, ii. 473 

Skate, blood-discs of, i. 4 
Skeleton, archetype, i.’29 
Sloth, alimentary canal of, iii. 450 
three-toed, bones of, ii. 399, 405 
Smaris, air-bladder of, i. 491 
Solenodon, alimentary canal of, iii. 427, 428 
organ of hearing, iii. 229 
teeth, iii. 304, 305 
Solootalpa, characters of, i. xxxiii 
Sorcidic, characters of, ii. 277, 296 
alimentary canal, iii. 427 
musky glands, iii. 634 
teeth, iii. 305, 313 

Sorex araneus, organ of hearing of. iii. 229 
Spalacotheriiim, teeth of, iii. 302, 303, 790 
Spalax typhlus, mouth of, iii. 386 
organ of sight, iii. 246 
skull, iii. 376 

Sparidas characters of, i. 11 
alimentary canal of, i. 421 
•Spams (Kpibulus) insidiator, locomotion of, 
i. 250 

* skull, i. 119, 122 
•Spatularia. See Planirostra. 

•Spermophilus, mouth of, iii. 886 
•Sphagebraiichus, gills of, i. 478 
Sphargis, oviposition of, i. 618 
teguments, i. 567, 559-561 
vertebral column, i. 61, 62 
Species, definition of, iii. 792 

extinction of, i. xxxiv; iii. 797 
origin of, i. xxxiii; iii. 793 
succession of, iii. 789 
Spheniscus, egg.s of, ii. 256 
Sphenostaurus, vertebral column otj i. 53 
•Sphyraena, alimentary canal of, i. 426 
air-bladder, i. 491 
teeth, i. 372, 375, 377,^78, 382 
Sphyrmnidse, characters of, i. 11 
Spider-monkey, bones of, ii. 516, c/ mi. 
Spinachorhinus, vertebral column of, i. 36 
Spinacidae, characters of, i. 13 
alimentary canal of, i. 423 
Spinax, alimentary canal of, i. 413, 423 
development, i. 610 
male organs of geueration, i. 570 
semination, i. 590 

Spinax acanthias, alimentary canal of, i. 41 5 
female organs of generation, i. 573 
pectoral limb, i. 168 


STR ‘ 

Spermaceti, whore lodged in the skull, ii. 

421 

Sperm-cells of Fishes, i. 589 
Spurs of Birds, ii. 74 
Squalodon. See Zeuglodoii 
Squamipinnes, characters of, i. 1 1 
Squatina, heart of, i. 474 
skull, i. 76-78, 81, 82 
vertebral colcmn,-!. 33, 36 
Squatinidm, characters of, i. 15 
Squirrel, alimentary canal of, iii. 421 
emeum, iii. 42 1 

Squirrel, climbing, bones of, ii. 383 
Squirrel, flying, bones of, ii. 384 
Stellio, alimentary canal of, i. 445 
larynx, i. 529 

•Stenops gracilis, larynx of, iii. 597 

organs of generation, male, iii. 672 
osseous system, ii. 512, 542 
teeth, iii. 314 

Stonops javanicus, cfccum of, iii. 431 
Stenops tai'digradus (Loris, •'•yw.), arterifS 
of, iii. 545 
c«cum, iii. 131 

organs of generation, female, iii. 701, 
702 

salivary glands, iii. 405 
tongue, iii. 195 

Steiiorhynchus leptonyx, vertebral eolumn 
of, 495 

Stenorhynchus serridens, teeth of, iii. 330, 
337, 369 

vertebral column, ii. 489, 495 
Sterna, characters of, ii. 9 

scapular arch and limbs, ii. 70 
Sterrink, bones of, ii. 495 
Stoat, bones of, ii. 501 
Strepsirhina. See Lemuridm 
Strcptospondylus, characters of, i. 17 
development of vertebra?, i. 34 
vertebral column, i. 69 
Strigidae, air-cells of, ii. 214 
alimentary canal, ii. 171 
kidneys, ii. 227 
organ of hearing, ii. 134 
organ of sight, ii. 139-141, 143 
osseous system, ii. 27, 49 
Strigops, osseous system of, ii, 28 

dorsal vertebrae and sternum, ii. 28 
skull, ii. 68 

Strix praticola, osseous system of, ii. 28 
Stromateiis, characters of. i. xxxii 
Stromateus fiatola, alimentary canal of, i. 415 
changes with growth, i. 612 
Struthio, characters of, ii. 6, 12, 13 
adrenals, ii. 229 
air-cells, ii. 214, 215 
air-passages, ii. 219 
alimentary canal, ii. 158, 161, 167, 
.169, 170, 171, 173 
blood, ii. 184 

generative system, ii. 242, 215, 251, 
256, 257 
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Struthio— 

heart, ii. 180 
liver, ii. 177 

iniiselcs, ii. t)6, 98, 101, 102, 103, 104, 

organ of sight, ii. 139, 110 
osseous system, ii. 10, 18, 21, 22, 21, 
29, 33, 30,43-51, 53, 54,64, 73, 80, 
81, 83 

tegiiracntary system, ii. 235 
veins, ii. 206 

Strix flammea, characters of, i. 25 
alimentary canal, ii. 171 
osseous system, ii. 28^^ 
teguinentary system, ii. 232 
Sturgeon, dermal hony plates of, i. 246 
locomotion, i. 252 

velocity of, i. 255 
Sturionidm, characters of, i. 12 
gills, i. 478 
locomotion, i. 246 
vertebral column, i. 41 
SturnuH, characters of, ii. 10 
eggs, ii. 257 

Suhursida?, limb-hoiic£i of, ii. 509 
urinary system, iii. 608 
Suhursus ornatus, limh-honcs of, ii. 508 
Suhursus thibotanns, organs of taste of, iii. 

1^7 .... 

Siidis (ni/fK Arajpaima) gigas, locomotion of, 
i. 217 

organ of liearing, i. 372 
skull, i. 118, 120, 123 
vertebral column, i. 41 
Suida*, lungs of, iii. 583 
organ of taste, iii. 203 
prosciiccpbalon, iii. 122 
skull, ii. 469 

Sula, alimentary canal of, ii. 157, l61 
scapidar arch and limbs, ii. 71 
skull, ii. 54 
sternum, ii. 23 
longue, ii. 130 

Supra^pinatus muscle in Aves, ii. 95 
Surnif uluhi, scapular arch and limbs of, 

ii- 67 

Sus babyroussa, spleen of, iii. 561 
8us larvuilus, skull of, ii. 469, 470 
Sus scrohi, characters of, ii. 286 
alimentary canal, iii. 465 
arteries, iii. 547 
limb-bones, ii. 480, 481 
liver, iii. 479 
mouth, iii. 391, 392 
nerves, iii. 172, 174 
organ of hearing, iii. 232 
organ of sight, iii. 213 
organ of smell, iii. 213 
organ of taste, iii. 195 
prosencephalon, iii. 123 
snlirary glands, iii. 403 
skull, ii. 467, 469 / 

sympathetic system, iii. 181 


TAP 

Sus scrofa — coidxnued. 

teeth, iii. 340, 343, 341, 345 
tusks, iii. 344 
vertebral column, ii. 458 
Sweat-glands, iii. 613 
Swimming, iii. 65 
Sword-fish, locomotion of, i. 255 
Sympathetic, or ganglionic system, i. 267 
Synaptura, characters of, i. xxxiii. 
Synbrancliidae, characters of, i. 10 
Synhranchus, gills of, i. 478, 482, 486 
skull, i. 96 

Syngnathidse, characters of, i. 12 
Syngnathus, alimentary canal of, i. 421 
dermoskelcton, i. 195 
male organs of generation of, i. 569, 
573 

vertebral column, i. 39 
Syngnathus acus, fecundation of, i. 013 
Syngnathus aphiodoii, focundatio7i of, i. 614 
Synodontis, oi'gaii of sight of, i. 335 
skull, i. 108 

Syrnium, blood of, ii. 184 
liver, ii. 175 

Syrrhaptes, osseous system of, ii. 27, 49 


T AOIIYDEOMUS, locomotion of, i. 263 
tecth^i. 401 
pelvic limbs, ii. 82 
Tachypetes, characters of, ii. 9 

osseous system, ii. 21, 23, 31, C3, 67, 
68, 70-72, 75 

Taenioidei, characters of, i. 11 
Tahitian, skull of, ii. 566 
Talpa caeca, organ of sight WMiiting in, iii. 
246 

Talpa europea, characters of, ii. 297 
adrenals, iii. 570 
alimentary canal, iii. 428 
development, iii. 729 
hair, iii. 620 
heart, iii. 520 
lungs, iii. 577 
mammary glands, iii. 776 
mesencephalon, iii. 98 
muscles, iii. 17 
nerves, iii. 147, 152 
organs of generation, male, iii. 656 

female, iii. 688 
organ of sijyht, absent in, iii. 246 • 

skull, ii. 389, 390 
spleen, iii. 560 
teeth, iii. 301, 303, 304, 309 
vertebral column, ii. 386 
Talpid'cC, characters of, ii. 296 
mesencephalon, iii. 98 
nerves, iii. 152 
teeth, iii. 304, 310 
Tantalus, skull of, ii. 67 
Tanystopheus, vertebral column of, i. 53 
Tupirus, characters of, ii. 283, 285, 296 
arteries, iii. 534 
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Tapirus amfricaniis, aliinentary canal of, 
iii. 458, 464 
development, iii, 736 
licJirt, iii. 522 
habitat, iii. 794 
larynx, iii. 593 
lun^s, iii. 581 
limb-bones, ii. 455 
mouth, iii. 391 

organs of generation, male, iii. 664 
female, iii. 601 
organ of hearing, iii. 232, 233 
organs of sight, iii. 251 
organs of smell, iii. 211 • 
skull, ii. 449 
teeth, iii. 343, 357 
urinary system, iii. 606 
vertebral column, ii. 444 
Tapirus malayanus, alimentary canal of, 
iii. 458 

organs of generation, male, iii. 664 
vertebral column, ii 448 
Tarsipcs, teeth of, iii. 265, 289 
Tarsius spectrum, alimentary canal of, iii. 
431 

lungs, iii. 582 

organs of generation, male, iii. 672 
muscles, iii. 53 

osseous system, ii. 512, 528, 542 
teeth, iii. 314 

Taxidoa labradorea, mammary glands of, 
iii. 780 
teeth, iii. 333 

Teeth ; dental tissues, i. 359 
dentinep*, i. 369 
* cement, i. 359, 360 
enamel, i. 359, 360 
chemical composition, i. 362 
Tegumentary system. See Aves ; Mam- 
malia ; Pisces ; Reptilia 
Tejus nigropunctatus, skull of, i. 156, 158 
teetJi, i. 388 

I'oleology {sy7i. final purpose), i. vi, xxv ; 
iii. 787 

Teleosaurus, characters of, i. 17 
dermoskcleton, i. 198 
Teleostei, i. 248 
Teleostomi, characters of, i. 7 

female organs of generation, i. 572 
Tenuirostros, characters of, ii. 147 
. heak, ii. 147 
Terrapencs, characters of, i. 17 
Testudo, characters of, i. 17 
liver, i. 451 
myelencephalon, i. 292 
organ of hearing, i. 344 
pectoral limb, i. 174 
pelvic arch and limh, i. 186 
skull, i. 157 
teeth, i. 385 

teguments, i. 558, 559, 560 
vertebral column, i. 61, 64 
Tcf<tmh Couni, larynx of, i. 529 


THY 

] Testudo eleplmntopus, larynx of, i. 529 
liver, i. 452 
skull, i. 88 

vertebral column, i. 65 
Testudo grfipca, absorbents of, i. 459 
alimentary canal, i. 4 45 
heart, i. 509 
larynx, i. 529 
liver, i. 452 
nerves, i. 313, 314 
organ of sight, i. 340 
ovulation, ii. 592 
pelvic arch and limh, i. ISS 
Testudo indiea, alimentary canal of, i. 445 
organs of touch, i. 327 
scent-gland, i. 562 

Testudo polyphenuis, alimentarv canal of, 
i. 446 

I absorbents, i. 526 
liver, i. 450 
pancreas, i. 454 

Testudo tabula! a, alimcntaiy canal of, i. 445 
kidneys, i. 541 
larynx, i. 529 

pelvic arch nnilimh, i. 187 
Tetraceros. See Amilope quadricornis 
Tetragonurus, alin\entary canal of, i. 415 
Tetrao, osseous system of, ii. 27, 57, 06 
Tetrao urogallns, generative system of, ii. 
257 

organ of taste, ii. 129 
skull, ii. 57 

Tetrodrodon, air-bladder of, i. 491 
alimentary canal, i. 415 
development of vertebrm, i. 41, 42, 43 
electric organs, i. 350 
gills, i. 481 

myelencophalon, i. 272 
skflll, i. 83 

Tetronyx, skull of, i. 130, 131 
Thalassidroma, sternum of, ii. 21 
Thalassorhinus, alimentary canal of, i. 422 
Thalicynus, alimentary canal of, iii. 420 
mammary glands, iii. 774 
organ of smell, iii. 208 
prosencephalon, iii. 104, 105 
skull, ii. 342 
teeth, iii. 285, 286 
vertebral column, ki. 343 
Thamnophilus, lower larynx of, ii. 224 
Thaumatogeny, iii. 814 
Therimorpha (s^n. Anoura), characters of, 
i. 15 

development, i. 629 
respiratory actions of, i. 532 
Tlicutididae, characters of, i. 1 1 
Thylacoleo, dentition of, iii. 790 
skull, ii. 343, 350 
teeth, iii. 293, 294 

Thylacotherium (s^n. Amphitherium), cha- 
racters of, i. xxxi 
teeth, iii. 287, 294, 302 
Thymnllus, vertebral column of, i. 43 
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Tliynnus vulgaris, arteries of, i. 498 
skull, i. 107 
teguuients, i. 648 
veins, i. 468 

vertebral column, i. 38, 43 
Thyrsites, changes accompanying age in, i. 

612 

Tiger, skull of, ii. 605 
TiUqua scincoitles, dcrnioskeleton of, i. 198 
larynx, i. 527 

male organs of generation of, i. 580 
Tinamus, osseous system of, ii. 16, 32, 34, 
36, 49, 53, 65 
Tinea, arteries of, \ 488 
development, i. 602 
nerves, i. 297 
teeth, i. 370 

Toad, locomotion of, i. 262, 203 
Todus, dorsal vertebrae and sternum of, ii. 
28 

TorpedinidfJD, characters of, i. 13 
Torpedo Galvanii, alimentary canal of,i. 416 
electric organs, i. 213, 360 
heart, i. 4^ 
nerves, i. 273 ^ 

Torpedo marcc, musclt^ of, i. 213 
organ of touch, i. 3^5 
semination, i. 690, 691 
Torpedo marmorata, ovulation in, i. 693 
Tortoise, brain of, i. 200, 295 
eliaracters of, i. 17 
Tortrix, teeth of, i. 396 
Tetanus, sternum of, ii. 26 
Totipalmatae, characters of, ii. 9 
Toxodon, teeth of, iii. 293 
Traeliiiuis draco, myclenccphalon of, i. 283 
Trachyptems, alimentary canal of, i. 417 
air-bladder, i. 403 
Trachysaurus, teguments of, i. 655^ 
Tragulus, development of, iii. 737 
limb-hones, ii. 483 
organs of generation, female, iii. G9G 
osseous system, ii. 298 
prosencephalon, iii. 114, 120, 121, 122, 
123 

skull, ii. 471, 472 
teeth, iii. 361 

Tragulus javaniculus, limb-bones of, ii. 484 
Tragulus kanchil, alimentary canal of, iii. 
467 

blood, iii. 616 
limb-bones, ii. 486 
liver, iii. 481 

Tragulus napu, limb-bones of, ii. 480 
Tragulus pigmeus, brain of, iii. 143 
Triboiiolonotus, thyroi'd body of, i. 665 
Tricliechus rosmanis, characters of, ii. 289 
heart, iii. 624 
limb-bones, ii. 607 
mammary glands, iii. 780 
skull, ii. 498 
teeth, iii. 338 
vertebral column, ii. 490 


TKO 

Trichhinis. characters of, i. xxxiii 
teeth, i. 370 

Trichodon, teeth of, i. 377 
Trichogaster, organ of touch of, i. 326 
Trigeminal nerve, E'ishes, i. 302 
Trigla, alimentary canal of, i. 421 
myelencephalori, i. 271, 284 
nerves, i. 298 
organ of touch, i. 326 
Trigla cucnlns, air-bladder of. i. 491 
Trigla himndo, air-bladder of, i. 491, 497 
Trigla Lyra, gills of, i. 478 
liver, i. 426 

male organs of generation, i. 609 
pyloric appendages and pancreas, i. 430 
skull, i. 101 

Trigonoceplialus, teeth of, i. 398 
tegument, i. 655 
Tringa, sternum of, ii. 26 * 

Trionyx, characlers of, i. 17 
fecundation, i. 615 
female organs of generation, i. 683 
kidneys, i. 641 
liver, i. 448 
lungs, i. 526 
organ of sight, i. 331 
organ of taste, i. 327 
pelvic arch and limb, i. 186, 187, 189 
respiratory actions, i. 630 
skull, i. 131, 134 
tooth, i. 386 
teguments, i. 667 
vertebral column, i. 61, 62, 63 
Triton, characters of, i. 1 6 

alimentary canal, i. 434 • 
arteries, i. 618 
development, i. 626-628 
fecundation, i. 614 
gills, i. 613, 614 
heart, i. 607 
kidneys, i. 638 
lungs, i. 621 
myeleneephalon, i. 290 
organ of sight, i. 337 
reproducible parts, i. 566 
semination, i. 691 
veins, i. 502 
vertebral column, i. 48 
Triton cristatus, development of, 629 
fecundation, i. 615 

oviposition, i. 616 , 

Triton raarmoratus, reproducible parts in, 
i. 666 

Triton taeniatus, malo organs of generation 
of, i. 678 

Tmchilidse, characters of, ii. 11 
beak, ii. 147 

muscles of the wings, ii. 96 
myeleneephalon, ii. 117 
osseous system, ii. 21 

dorsal vertebra) and sternum, ii. 

21,28 

scapular arch and limbs, ii. 74 
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Trochiliis, osseous system, ii. 22 

dorsal vertobrse and sternum, ii. 

22 

sacral vortebrse and tail, ii. 32 
skull, ii. 59 

scapular arch and limbs, ii. 66 
pelvic limbs, ii. 81 
tongue, ii. 161 

Troglodytes, characters of, i. xxxii, xxxv 
Troglodytes, eggs of, ii. 257 
Troglodytes Gorilla, characters of, i. xix, 
XXXV ; ii. 291 
alimentary canal, iii. 434 
brain, iii. 144 
locomotion, iii. 71 
lungs, iii. 582 
mouth, iii. 393 
muscular system, iii. 54-59 
nervous system, iii. 127 

prosencephalon, iii. 127, 138 
organ of hearing, iii. 236 
organ of smell, iii. 216 
skeleton, ii. 523, 536-538, 646-663, 
672; iii. 522 
teeth, iii. 317-322 
voice, iii. 601 

Troglodytes niger, characters of, i. xxxii ; 
ii. 273 

alimentary canal, iii. 434 
larynx, iii. 600 
lungs, iii. 582 

male organs of generation, iii. 673 
muscles, iii. 62 
organ of hearing, iii. 236 
•prosencephalon, iii. 127, 130, 131 
skeleton, ii. 621, 622 
skull, ii. 635, 645 
teeth, iii. 317, 321 
Trogonidae, characters of, ii. 11 
Tropidolepis, teeth of, i. 403 
Tropidurus, teguments of, i. 566 
Trygon, dermoskoleton of, i. 194 
heart, i. 474 

Trygonidse, characters of, i. 13 
Tupaia (syn, Glysorox, Cladobates), ali- 
mentary canal of, iii. 427, 428 
female organs of generation, iii. 689 
organ of taste, iii. 192 
teeth, iii. 307 

Tupinambis teguexin, teelh of, i. 401 
Turacus, osseous system, ii. 32 
Turdus musicus, characters of, ii. 11 
development of feathers, ii. 237 
generative system, ii. 247 
Turdus pilaris, tongue of, ii. 153 
Turtle, brain of, i. 290, 291, 295 
characters of, i. 17 
Turtle, mud, characters of, i. 17 
Tusks of hog, iii. 344 
walrus, iii. 338 
elephant, iii. 359 

Typhlops, organ of hearing of, i. 348 
Tyrannus, tegumentary organs of, ii. 233 


VAN 

TTNGUICULATA, characters of, u. 288 
U prosencephalon, in. 128 
skeleton, ii. 128 

Ungulata, characters of, i. xxviii-xxx; ii. 

280-286, 295, 296 
I development, iii. 732 

j heart, lii. 622 

! limb-bones, ii. 487 

i mammary glands, iii. 778 

muscular system, iii. 1 

organs of touch, iii. 188 
peculiar glands, iii. 638 
prosencephalon, iii. 128 
I spines, iii. 623 

teeth, iii. 340 

I A. homologies of the parts of the 

' grinding surface, iii. 340 

B. Artiodactyla, iii. 343 
I C. Perissodactyla, iii. 362 

I D. Proboscidia, iii. 359 

I veins, iii. 655 

I Upeneus, liver of, i. 427 
j nerves, i. 306 

j skull, i. 120 

j Uperoleia, teeth of, i. 392 
i teguments, i. 662 

I Upupa, pancreas of, ii. 178 
j scent-follicles, ii. 230 

j Uranoscopus, organ of sight of, i. 331 
I organ of touch, i. 326 

j skull, i. 119 

Uria, osseous system of, ii. 19, 26, 31, 34, 

' 36, 57, 82, 83 

I external sexual characters, ii. 267 

j Urinary system of Aves, ii. 226 
Fishes, i. 633 
Reptiles, i. 537 
Mammalia, iii. 604 
Urodela. See Ichthyomorpha 
Ursidsp, bones of the limbs of, ii. 608 
mammary glands, iii. 780 
skull, ii. 499 

vertebral column, ii. 490, 494 
Ursus americanus, development of, iii. 746 
Ursus arctos, larynx of, iii. 696 

organs of generation, male, iii. 669 
organ of hearing, iii. 234 
prosencephalon, iii. 118 
skull, ii. 499 

teeth, iii. 329, 335, 371 > 

Ursus ferox, brain of, iii. 143 
skull, ii. 500 

Ursus labiatus, vertebral column of, ii. 

490 

Ursus maritimua, female organs of genera- 
tion of, iii. 699 
hair, iii. 618 
skuU, ii. 500 
vertebral column, ii. 490 


Y AGINA, human, iii. 708 

Vanellus, skull of, ii. 49, 58 
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Vanga, beak of, ii. 146 
Varanus bivittatus, teeth of, i. 404 
Varaims niloticus, organ of sight of, i. 339 
pectoral limb, i. 174 
pelvic arch and limb, i. 190, 191 
skull, i. 156 
teeth, i. 386, 404 

Varanus variegatus, teeth of, i. 404 
Varanus, vertebral column of, i. 58 
Vegetative repetition. See Irrelative repe- 
tition 

Vertebra, type segment or, i. 27 
Vertebrates, characters of, i. 1 

developmental characters, i. 3 
Piscine modification, i. 4 
Reptilian modification, i. 5 
Avian modification, i. 6 
Mammalian modification, i. 6 
genetic and thermal distinction, i.6 
orders of Heematocrya, i. 7 
osseous system, i. 19 

classes of bone, i, 26 
composition, i. 19 
development, i. 21 
growth, i. 23 

sub-classes of Hsematocrya, or cold- 
blooded Vertebrates, i. 7 
Vespertilio, hybernation of, ii. 4 
muscles, iii. 4 
organ of hearing, iii. 229 
skull, ii. 387 
spleen, iii. 562 

Vespertilio cmarginatus, development of, 
iii. 730 

Vespertilia murinus, bones of the limbs of, 
ii. 392 

alimentary canal, iii. 429 
organ of taste, iii. 192 
teeth, iii. 310 

Vespertilio noctula, development of, iii. 730, 
731 

myelon, iii. 74 
organ of hearing, iii. 74 
Vespertilio serotinus, male organs of gene- 
ration of, iii. 667 
Vinago, characters of, ii. 10 
VippTH (Echidna) arietans, lungs of, i. 624 
Vipera borus, female organs of generation, 
i. 586 

development, i. 636, 637 
organ of sight, i. 338 
poison-glands, i. 663 
teeth, i. 397 

Vipera cerastes, ovulation in, i. 599 
teguments, i. 664 
Viperidse, lungs of, i. 624 
oviposition, i. 616 
Vital force in Reptiles, i. 316 
Viverra civetta, anal glands of, iii. 637 
female oigans of generation, iii. 700 
limb-bones, ii. 609 . 
skull, ii. 502 
verteljral column, ii. 492 


ZIP 

Viverra genetta, anal glands of, iii. 637 
limb^-bones, ii. 610 
mammary glands, iii. 780 
Viverra zibetta, male organs of generation 
of, iii. 670 

Viverridm, teeth of, iii. 330 
Vocal organ in Aves, ii. 221-223 
Voice in Mammalia, iii. 683 
Vole, musk, skull of, ii. 375 
Vole, water, osseous system of, ii. 381 
Volitores, characters of, ii. 10 
alimentary canal of, iii. 421 
pelvis, ii. 32 
sternum, ii. 28 

Vomer, characters of, i. xxxiii. 

Vulture, heart of, ii. 186 
liver, ii. 174 
organ of sight, ii. 139 
osseous system, ii. 19, 68, 69 
scent-follicles, ii. 230 
spleen, ii. 230 


ALRUS, bones of, ii. 490, et seq. 
teeth, iii. 338 
tusks, iii. 338 
Weasel, teeth of, iii. 333 
bones, ii. 601 

Whale, skeleton of, ii. 280 
bones, ii. 416 
brain, iii. 119 
Wings of Aves, ii, 94 
Wolf, bones of, ii. 492, et seq. 
Wombat, brain of, iii. 104, 106 
osseous system, ii. 330 


X ENODERMUS, teguments of, i. 554 
Xiphodon, characters of, ii. 286 
Xiphosurus volifer, dermoskeleton of, i. 
198 

Xiphias, alimentary canal of, i. 420 
gills, i. 479 
liver, i. 427 
locomotion, i. 252 
organ of sight, i. 332, 334 
pelvic arch and limb, i. 179 
skull, i. 107, 118; ii. 64 
vertebral column, i. 38 


Z EBRA. See Equus zebra 

/euglodon {syn. Squalodon), skeleto 
of, ii. 424 

teeth, iii. 266, 284, 369 
Zeus, gills of, i. 480 
skull, i. 119 

Ziphius, limb-bones of, ii. 427, 428 
teeth, iii. 265 
vertebral column, ii. 419 
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Zoarces, fecundation of, i. 600 

female organs of generation of, i. 574 
teguments, i. 546 
Zonosaurus, teguments of, i. 555 
Zonurus, teguments of, 555 
Zootoka, characters of, i. 6 ; ii. 266 
Zootoca muralis, female organs of genera- 
tion of, i. 583, 587 
ovulation, i. 599 


ZYG 

Zygsena, alimentary canal of, i. 423 
development, i. 609 
liver, i. 426, 427 
organs of sight, i. 336 
skull, i. 81 

vertebral column, i. 36 
Zygsenidae, characters of, i. 13 
organs of sight, i. 336 


THE END. 


LONDON: rulNTBD BT 
flPOTTISVirOODB AND CO., NBW'STRKKT 
AND FABLIAMRNT STBEEl' 


SQUIBB 




39 Patbrnostba Row, E.C* 
London; January 1868. 


GENERAL LIST OE WORKS 

PUBIJSHBD BT 

Messrs. LOMMASS, &BJ1EI, READER, aad DYER. 


Arts, AIanuI'Actures, &e 12 

Astronomy, Meteorology, PoruLAR 

Geography, &o 7 

Biography and Memoirs 3 

Ghemistry, Medicine, Surgery, and 

tlie Allied ScnjNCES 10 

Commerce, Navigation, and Mercan- 
tile Affairs 19 

Criticism, Philology, &e 4 

Fine Arts and Illustrated Editions 11 

Historical Works 1 

Index 21—24 


Misceli.anrous and Popular Meta- 
physical Works 6 

Natural History and Popular 

Science 7 

Poetry and The Drama LS 

j Religious and Moral Works 14 

I Rural Sports, &c. 19 

; Travels, Voyages, &c. 16 

* Works OF Fiction 17 

: Works of Utiiaty and General 
Information 20 


Historical Works. 


Lord Macaulay’s Works. Com- [ 
plete and uniform Library Edition. Edited , 
by bis Sister, Lady Trevelyan. 8 vols. ' 
8vo. with Portrait, price £b cloth, or ' 
£8 8«. bound in tree* calf by Rivifere. 

1 

The History of England from 

the Fall of Wolsey to the Death of Eliza- ! 
both. By James Anthony Frodde, M.A. I 
late Fellow of Exeter College, Oxford. 
Vols. I. to X. in 8vo. price £7 2s, cloth. 

Vols. I. to IV. the Reign of Henry 
Vril. Third Edition, 64s. 

Vols. V. and VI. the Reigns of Edward ! 
VI. and Mary. Third Edition, 28if. 

Vols. VII. & VIII. the Reign of Eliza- I 
beth, Vols. I. & II. Fourth Edition, 28*. 

•Vols. IX. and X, the Reign of Eliza- I 
beth. Vols. III. and IV. 82*. I 

I 

The History of England from | 

the Accession of James II. By Lord 
Macaulay. i 

Library Edition, 5 vols. 8vo. £4. 

Cabinet Edition, 8 vols. post 8vo. 48*. 
People’s Edition, 4 vols. crown 8vo. IG*. 

Bevolutions in English History. 

By Robert Vaughan, D.D. 3 vols. 8 vo. 30*. i 


An Essay on the History of the 

English Government and Constitution, from 
the Reign of Henry VII. to the Present 
Time. By John Earl Russell. Fourth 
Edition, revised. Crown 8vo. 6*. 

On Parliamentary Q-ovemmont 

in England : its Origin, Development, and 
Practic.Tl Operation. By Alpiieus Todd, 
Librarian of the Legislative Assembly of 
Canada. In two volumes. Vol. I. 8vo. 16*. 

The History of England during 

the Reign of George the Third. By 
the Right Hon. W. N. Massey. Cabinet 
Edition, 4 vols. post 8vo. 24*. 

The Constitutional History of 

England, since the Accession of George III. 
1760— 18G0. By Sir Thomas Erskink 
Hay, K C.B. Second Edit. 2 vols. Svo. 38*. 

Brodie’s Constitutional History 
of the Britisli Empire fl’om the Accossioa 
of Charles I. to the Restoration. Second 
Edition. 3 vols. Svo. 36*. 

Historical Studies. I. On Precursors 
of the French Revolution ; IT. Studies from 
the History of the Seventeenth Ccntuiy; 
III. Leisure Hours of a Tourist By 
Herman Mbrivat.e, M.A. Svo. 12*. 6<f. 

A 



2 


\YOKKS puBiiSHED BY LO^^GMA^IS and CO. 


Tlie Government of England: its 

Structure and its Development. By 
William Edward Hearn, LL.D. Pro- 
fessor of History and Political Economy in 
the University of Melbourne. 8vo. 14s. 

Plutology; or, the Theory of the Efforts to 
Satisfy Human Wants. Hy the same 
Author. 8vo. 14s. 

Lectures on the History of Eng- 
land. By William Longman. Vol. 1. 
from the Earliest Times to the Death of 
King Edward II. with 6 Maps, a coloured 
Plate, and 53 Woodcuts. 8vo. 15s. 

History of Civilization in England 

and France, Spain and Scotland. By 
Henry Thomas Buckle. Fifth Edition 
of the entire work, with a complete Index. 

3 vols. crown 8vo. 24s. 

The History of India, from the 
J^arliest Period to the close of Lord Dal- 
housie’s Administration. By John Clark 
Maushman. S.vols. crown 8vo. 22s. Ud 

History of the Trench in India, 

from the Founding of Pondichery in 1674 
to its Capture in 17GI. By Major <i. B. 
Malleson, Bengal Staff' Corps, some time 
in political charge of the Princes of Mysore 
and the King of Oudh. 8vo. 1 G.l 

Democracy in America. By Alexis 

De ToccjUEViLLE. Translated by Henry 
Reeve, with an Introductory Notice by the 
Translator. 2 vols, 8vo. 2 Is. 

The Spanish Conquest in 

America, and its Relation to the History of 
Slavery and to the Government of Colonies. 
By Arthur Helps. 4 vols. 8vo. £B. 
Vols. I. & II. 28s. Vols, III. & IV. 16s. each. 

The Oxford Beformers of 1498 ; 

being a Jlistory of the Fellow-work of John 
Colot, Erasmus, and Thomas ^Slore. By 
Frederic Seeboiim. 8vo. 12s. , 

Histoi*y of the Boformation in 

Europe in the Time of Calvin. By J. H. 
Merle D’Aubion^ D.D. Vols. I. and i 
11. 8vo. 28.S. Vol. III. I2s. and Vol. IV. ' 
price 16s. Vol. V. in the press. 

Library History of Prance, in 

5 vols. 8vo. By Eyre Evans Crowe. 
Vol. I. 14s. Vol. IL 15s. Vol. III. 18«. 
VoL. IV. I8s. VoT<. V. just ready. 

Lectures on the History of 
France. By the late Sir Jambs Stephen, 
nL.D. 2 vols. 8vo. 24s. 


The History of Greece. ByC.TinRL- 
WALL, D.D. Lord Bishop of St. David’s. 
8 vols. fcp. 28s. 

The Tale of the Great Persian 

War, from the Histories of Herodotus. By 
George W. Cox, M.A. late Scholar of 
Trin. Coll. Oxon. Fcp. 7s. 6df. 

Greek History from Themistocles 

to Alexander, in a Series of Lives from 
Plutarch. Revised and arranged by A. H. 
Clough. Fcp. with 44 Woodcuts, Gs. 

Critical History of the Lan- 
guage and Literature of Ancient Greece. 
By William Mure, of Caldwell. 5 vols. 
8vo. £3 9s. 

History of the Literature of 

Ancient Greece. By Profea.sor K. 0. Muller. 
Translated by the Right Hon. Sir George 
C oKNEWALL Lbwis, Bart, and by J. W. 
Donaldson, D.D. 3 vols. 8vo. 36s. 

History of the City of Rome from 

its Foundation to the Sixteenth Century of 
the Christian Era. By Thomas H. Dyer, 
LL.D. 8vo. with 2 Maps, 16s. 

History of the Homans under 
the Empire. By C. Merivale, LL.D. 
Chaplain to the Speaker. 8 vols. post 8vo. 
price 48s. 

The Pall of tho Roman Re- 
public : a Short llistorj’- of the Last Cen- 
tury of the Commonwealth. B}" the same 
Author. 12mo, 7s. 6(f, 

The Conversion of the Roman 

Empire; tho Boyle Lectures for the j^ear 
1864, delivered at the Chapel Royal, VVliite- 
liall. By the same. 2nd Edition. 8vo. 8s. Cc/. 

The Conversion of the northern 

Nations ; the Boyle Lectures for 1865. By 
the same Author. 8vo. 8s. 6<7. 

Critical and Historical Essays 

contributed to the Edinburgh Review. By 
the Eight Hon. Lord Macaulay. 

Library Edition, 3 vols. 8vo. 36s. 
Traveller’s Edition, in 1 vol, 21s. 
Cabinet Edition, 4 vols. 24s. 

Pocket Edition, 3 vols. fcp. 21s. 
People’s Edition, 2 vols. crown 8vo. 8s. 

The Papal Drama: an Historical 
Essay, wherein the Story of the Popedom 
of Rome is narrated from its Origin to the 
Present Time. By Thomas H. Gilf-. 8vo. 
price 12s. 
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History of the Rise and Influence 

of the Spirit of Rationalism in Europe. By 
W. E. H. Lkcky, M.A. Third Edition. 

2 vols. 8 VO. 25*. 

God in History ; Or, the Progress 
of Man’s Faith in a Moral Order of the 
World. By the late Baron Bunsen. Trans- j 
lated from the German by Susanna Wink- i 
woKTH ; with a Preface by Arthuh 
Pknriiyn Stanley, D.D. Dean of West- 
minster, 3 vols. 8 VO. [iVearZy ready. 

The History of Philosophy, from 

Thales to Comte. By Georok Henry ' 
Lewes. Third Edition, rewritten and en- ! 
larged. 2 vols. 8vo. 30*. ! 

! 

Egypt’s Place in Universal His- | 

tory ; an Historical Investigation. By j 
Bauon Bunsen, D.C.L. Translated by | 
C. H. Cottrell, M.A., with Additions by 
S. Bincii, LL.D. 5 vols. 8vo. £S 14*. dd. 

Maunder’s Historical Treasury ; ' 

comprising a General Introductory Outline 
of Universal History, and a Series of Sepa- 
rate Histories. Fcp. 10*. 


Historical and Chronological En- 
cyclopedia, presenting in a brief and con- 
venient form Chronological Notices of all 
the Great Events of Universal Histerj’. By 
B. B. Woodward, F.S.A. Librarian to the 
Queen. [/n the press. 

History of the Christian Church, 

from the Ascension of Christ to the Conver- 
sion of Constantine. By E. Burton, D.D. 
late Regius Prof, of Divinity in the Uni- 
versity of Oxford. Fcp. 3*. Gd. 

Sketch of the History of the 

Church of England to the Revolution of 
1688. By the Right Rev. T. V. Short, D.D. 
Bishop of St. Asaph. Crown 8vo. 10*. 6cZ. 

History of the Early Church, 

from the First Preaching of the Gospel to 
the Council of Nicsea, a.d. 325. By the 
Author of ‘ Amy Herbert.* Fcp. 4*. 6(1. 

History of Wesleyan Methodism^ 

By Georoe Smith, F.A.S Fourth Edition, 
with numerous Portraits. 3 vols. crown 
8vo. 7s. each. 

The English Reformation. By 
F. C. Massinoberd, M.A. Chancellor of 
Lincoln. Fourth Edit, revised. Fcp. 7*. Gd. 


Biography and Memoirs. 


Dictionary of General Biography ; 

containing Concise Memoirs and Notices of 
the most Eminent Persons of all Countries, 
from the Earliest Ages to the Present Time. 
With a Classified and Chronological Index of 
the Principal Names. Edited by William 
L. R. Cates. 8vo. 21*. 

Memoirs of Sir Philip Prancis, 
lv.C.B. with Correspondence and Journals. 
Commenced by the late Joseph Farkes; 
completed and edited by Herman Meri- 
YALE, M.A. 2 vols. 8vo. with Portrait and 
Facsimiles, 30*. 

• 

Life of Baron Bunsen, by Baroness 
Bunsen. Drawn chiefly from Family Papers. 
With Two Portraits taken at different periods 
of the Baron’s life, and several Litho- 
graphic Views. 2 vols. 8vo. [Nearly ready. 

Life and Correspondence of 

Richard Whately, D.D. late Archbishop of 
Dublin. By E. Jane Whately, Author of 
‘English Synonymes.’ With 2 Portraits, 
2 vols. 8vo. 28*. 


Extracts of the Journals and 

Correspondence of Miss Berry, from the 
Year 1783 to 1852. Edited by Lady 
Theresa Lewis. Second Edition, with 3 
Portraits. 3 vols. 8vo. 42*. 

Life of the Duke of Wellington. 

By the Rev. G. R. Gleig, M.A. Popular 
Edition, carefully revised; with copious 
Additions. Crown 8vo. with Portrait, 5*. 

History of my Religious Opinions. 
By J. H. Newman, D.D. Being the Sub- 
stance of Apologia pro VitS. SuA Post 
8vo. 6*. 

Father Mathew: a Biography. 
By John Francis Maguire, M.P. Popular 
Edition, with Portrait. Crown 8vo. 8*. 6cZ. 
Borne ; its Bulers and its Institutions. 
By the same Author. New Edition in pre- 
paration. 

Letters and Life of Francis 

Bacon,, including all his Occasional Works. 
Collected and edited, with a Commentary, 
by J, Spedding, Trin. Coll. Cantab. Vols. 
I. and 11. 8vo. 24*. 



4 


NEW WORKS PUBLISHED 


BY LONGMANS and CO. 


Life of Pastor Pliedner, Founder of 

the Deaconesses’ Institution at Kaisers werth. 
Translated from tlic German, with the sane- j 
t ion of Fliedner’s Family. By Catukkink | 
WixKW'OiiTii. Fcp. 8vo. with Portrait, 
price 3s. 6d. 

The Life of Franz Schubert, 

translated from the German of Keitzle 
A" ox IIei.lijorn by Arthur Duke Cole- 
niDcF, M.A. late Fellow cf King’s College, 
Cam b ridge. [ A^ear/y ready. 

setters of Distinguished Musi- 
cians, riz. Gluck, Haydn, P. E. Bach, Weber, 
and Mende.ssohn. Translated from the 
Gcrmc.n by Lady Wallace, with Three 
Portr.-dts. Post 8vo. 14«. 

Mozart’s Letters (1769-1701), [ 

translated from the Collection of Dr. | 
Ludwig Noiil by Lady Wallace. 2 vols. . 
post 8 VO. with Portrait and Facsimile, 18s. ; 

Beethoven’s Letters (1700-1826), : 

from tho Two Collections of Drs. Nohl j 
and Von KiiciiEL. Translated by Lady 
Wallace. 2 vols. post 8vo. Portrait, 18s. 

Felix Mendelssohn’s Letters from 

Italy and Switzerhndt and I^etters from 1833 
fo 1847, translated by Lady Wallace. With 
Portrait. 2 vols. crown 8vo. 6s. each. 


With Maximilian in Mexico. 

From the Note-Book of a Mexican Officer. 
By Max. Baron Von Alvenslebicn, late 
Lieutenant in the Imperial Mexican Army. 
Post 8 VO. 7s. Gd. 

Memoirs of Sir Henry Havelock, 
K.C.B. By John Clark Maeshman. 
Cabinet Edition, with Portrait. Crown 8vo. 
price { 

I Faraday as a Discoverer: a Me- 
I inoir. ily John Tyndall, LL.D. F.R.S. 
Professor of Natural Philosophy in the 
Royal Institution of Groat Britain, and in 
llie Ro3"al School of Mines. Crown 8vo. 

{^Nearly ready. 

Essays in Ecclesiastical Biogra- 
phy. By the Right lion. Sir J. Stephen, 
LL.D. Cabinet Edition. Crown 8vo. 7s. Qd. 

Vicissitudes of Families. By Sir 
Bernard Burke, Ulster King of Arms. 
First, Second, and Third Series. 3 vois. 
crown 8vo. 12s. Gd. each. 

Maunder’s Biographical Trea- 
sury. I’liirteenth Edition, reconstructed and 
partly rewritten, with above 1,000 additional 
Memoirs, by. W. L. R. Cates. Fcp. 10s. Crf. 


Criticism, Philosophy, Polity, cjv. 


On Representative Government. 

By John Stuart Mill, M.P. Third Edi- 
tion. 8vo. 9s. crown 8vo. 2s, 

On Liberty. By the same Author, Third 
i'Mition. Post 8vo. 7s. Gd. crown 8vo. 
ly. 4d. 

Principles of Political Economy. By the 
same. Sixth Edition. 2 vols. 8vo. 30s. or 
in I vol. crown 8vo. 6s. 

A System of Logic, Hatiocinative and 
Inductive. By the same. Sixth Edition. 
2 vols. 8vo. 2os. 

Utilitarianism. By tho same. 2d£dit.Svo.6s. 

Dissertations and Discussions. By the 
same Author. 3 vols. 8vo. 36s. 

JBxamination of Sir W. Hamilton's 
Philosophy, and of the Principal Philoso- 
phical Questions discussed in his Writings. 
By the same. Third Edition, 8vo. 16s. 

Workmen and Wages at Home 

and Abroad ; or, the Effects of Strikes, Com- 
binations, and Trade Unions. Bv J. Ward, 
Author of ‘The World in its Workshops,’ 
Post 8vo. 7s. GdU 


The Elements of Political Eco- 
nomy. By Henry Dinning Macleod, 
M.A. Barrister-at'Law. 8vo. 16s. 

A Dictionary of Political Economy; 
Biographical, Bibliographical, Historical, 
and Practical. By the same Author. Vol. I. 
royal 8vo, 30s. 

I Lord Bacon’s Works, collected 
and edited byR. L. Ellis, M.A. J. Speddino, 
M.A. and D. D. Heath. Vols. I. to V. 
Philosophical Works, 6 vols. 8vo. JE4 6s. 
Vols. VI. and VI I, Literary and Profes^ 
sional Works, 2 vols. £1 16s. 

The Institutes of Justinian ; with 

English Introduction, Translation, and 
Notes. By T. C. Sandars, M.A. Barrister- 
at-Law. Third Edition. 8vo. 15s. 

The Ethics of Aristotle with Essays 
and Notes. By Sir A Grant, Bart. M.A. 
LL.D. Director of Public Instruction in tho 
Bombay Presidency. Second Edition, re- 
vised and completed. 2 vols. 8vo. price 28s. 
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Bacon’s Essays, with Annotations. 
By R. Whately, D.D. late Archbishop of 
Dublin. Sixth Edition. 8vo. IO/j. Gel. 

Elements of Logic. By R. Whately, 
D.D. late Archbishop of Dublin. Ninth 
Edition. 8vo. IO 5 . 6d, crown 8vo. 4 j. Gd. 

Elements of Rhetoric. By tlie same 
Author. Seventh Edition. Svo. IO 5 . Gd. 
crown 8vo. 4s. Gd, 

English Synonymes. Edited by Arch- 
bishop Whately. 5th Edition. Ecp. 3s. 

An Outline of the INocessary 

Laws of Thought : a Treatise on Pure and 
Applied Logic. By the Most Rev. W. 
Thomson, D.D. Archbishop of York. Crown 
Svo. 5s. Grf. 

Analysis of Mr. Mill’s System of 
Liogic. By W. Stebiung, M.A. Second 
Edition. 12nio. 3^. Gd. 

The Election of Bepresentatives, 

Parliamentary and Municipal; a Treatise. 
By Thomas Hare, Barrister-at-Law. Third 
Edition, with Additions. Crown Svo. 6s. 

Speeches on Parliamentary Be- 

form, delivered in the House of Commons 
by the Right Hon. B. Disraeli (1848-1866). 
Edited by Montague Corrv, B.A. of 
Lincoln’s Inn, Barristcr-at-Law. Second 
Edition. Svo. 12«. 

Speeches of the Bight Hon. Lord 

Macaulay, corrected by Himself. Library 
Edition, 8vo. 12.v. People’s Edition, crown 
Svo. 3». Gd, I 

Lord Macaulay’s Speeches on 
Parliamentary Reform in 1831 and 1832. 
16mo. la. I 

Inaugural Address delivered to the 
Univer&ity of St. Andrews. By John 
Stuart Mii.l, Rector of the University. 
Library Edition, Svo. os . People’s Edition, 
crown Svo la. 

A Dictionary of the English 
Language. By R. G. Latham, M.A. M.D. 
B.R.8. Founded on the Dictionary of Dr. S. 
Johnson, as edited by the Rev. 11. J. Todd, 
with numerous Emendations and Additions. 
Publishing in 36 Parts, price 3a. Gd. each, • 
to form 2 vols. 4to. Vol. I. in Two Parts, 
price X3 10a. now ready. 

Thesaurus of English Words and 

Phrases, classified and arranged so as to 
facilita|$Uh^ Expression of Ideas, and assist 
‘*lfrCiterary Composition. By P. M. Roget, 
M.D. New Edition. Crown Svo. 10a. Gd. 


I Lectures on the Science of Lan- 
guage, delivered at the Royal Institution, 
i By Max Duller, M.A. Taylorian Professor 
in the University tf Oxford. First Series,. 
Fifth Edition, 12a. Second Series, 18s. 

Chapters on Language. By F. W. 
Farrar, M.A. F.ILS. late Fellow of Trin. 
Coll. Cambridge. Crown Svo. 8a. Gd. 

The Debater ; a Series of Complete* 
Debates, Outlines of Debates, and Questions' 
for Discussion. By F. Rowton. Fcp. 6». 

A Course of English Beading,. 

adapted to every taste and capacity; or. 
How and What to Read. By the Rev. J. 
Pyckoft, B.A. Fourth Edition, fcp. 5a. 

Manual of English Literature,. 

Historical and Critical : with a Chapter on 
English Metres. By Thomas Arnold, M.A. 
Second Edition. Crown Svo. 7a. Gd. 

Southey’s Doctor, complete in One 
Volume. Edited by the Rev. J.W. Warter,. 
B.D. Square crown Svo. 12s. Gd. 

Historical and Critical Commen- 
tary on the Old Testament ; with a New 
Translation. By M. M. Kaliscit, Ph. D. 
Vol. I. Gmcsisf Svo. 18s. or adapted for the 
General Reader, 12s. Vol. II. Exodus^ 15s. 
or adapted for the General Reader, 12s. 
Vol. III. LeviticuSf Part I. 15s. or adapted' 
for the General Reader, 8s. 

A Hebrew Grammar, with Exercises. 
By the same. Part 1. Outlines with Exer- 
cisesj 8 VO. 12s. 6rf. Key, 6s. Part II. Ex- 
ceptional Forms and Constructions, 12s, Gd. 

A Latin-English Dictionary. By 
J. T. White, D.D. of Corpus Christi Col- 
lege, and J. E. Riddle, M.A. of St. Edmund 
Hall, Oxford. Imp. Svo. pp. 2,128, price 42s. 

A New Latin-English Dictionary, 
abridged from the larger work of IFkite and 
Biddle (as above), by J. T. White, D.D. 
Joint-Author. Svo. pp. 1,048, price 18s, 

The Junior Scholar's Latin-English* 
Dictionary, abridged from the larger worke 
of JFhite and Biddle (as above), by J. T. 
White, D.D. Square 12mo. pp. 662, prices 
7s. Gd. 

An English-Greek Lexicon, con- 
taining all the Greek Words used by Writers' 
of good authority. By C. D. Yonoe, B.A^ 
Fifth Edition. 4to. 21s. 

Mr. Yonge’s Hew Lexicon, En- 
glish and Greek, abridged from his larger- 
work (as above). Square 12mo. 8s. Gd. 
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A Greek-English Lexicon. Com- 
piled by H. G. Liddell, D.D. Dean of * 
Christ Church, and R. Scott, J).D. Master | 
of Balliol. Fifth Edition, crown 4to. 31s. Crf. ; 

A Lexicon, Greek and English, 

abridged from Liddkt.l and Scott’s Greek- ' 
English Lexicon^ Eleventh Edition, square j 
12mo. 7s.Gd. 

A Sanskrit-English Dictionary, . 

The Sanskrit words printed both in the , 
original Devanagari and in Roman letters ; i 
with References to the Best Editions of | 
Sanskrit Authors, and with Etymologies 
and Comparisons of Cognate Words chiefly 
in Greek, Latin, Gothic, and Anglo-Saxon. 
Compiled by T. Benfey. 8vo. 62s. 6d. 


A Practical Dictionary of the 

French and English Languages. By Pro- 
fessor Leon Contanseau, many years 
French Examiner for Military and Civil 
Appointments, &c. l‘2th lOdition, carefully 
revised. Post 8vo. 10s. Gd 

Contanseau’s Pocket Dictionary, 
French and English, abridged from the 
above by the Author. New Edition. 18mo. 
price 3s. 6d. 

Now Practical Dictionary of the 

German Language; German-English, and 
English-German. By the Rev. W. L. 
Blackley, M.A., and Dr. Carl Martin 
Friedlander. Post 8vo. 7s. Gd. 


Miscellaneous Works and Popular Metaphysics. 


Lessons of Middle Age, with some | 
Account of the Various Cities and Men. j 
By A. K. H. B. Author of * The Recreations j 
of a Country Parson.’ Post 8vo. 9*. 
Recreations of a Country Parson. 
By A. K. H. B. Second Series. Crown 
8vo. 3s. 6ct 

Tho Commonplace Philosopher in 
Town and Country. By the same Author. 
Crown 8vo. 3s. Gd. • 

Leisure Hours in Town ; Essays Consola- | 
tory, ^sthetical, Moral, Social, and Do- 
mestic. By the same. Crown 8vo. 3s. Gd. 
The Autumn Holidays of a Country 
Parson. By the same. Crown Svo. ds, Gd. 
The Graver Thoughts of a Country 
Parson, Second Series. By the same. 
Crown Svo. 3s. Gd. 

Criticid Essays of a Country Parson, 
selected from Essays contributed to Fraser^ s I 
M’lgazine. By the same. Crown Svo. 3s. 6 J 

B unday Afternoons at the Parish j 
Cnurch of a Scottish University City. By j 
the same. Crown Svo. 3s. Gd. 

Short Studies on Great Subjects. 

By James Anthony Froude, M.A. late 
Fellow of Exeter College, Oxford. Second 
Edition, complete in One Volume. Svo. 
price 12s. 

Studies in Parliament: a Series of 
Sketches of Leading Politicians. By R. 11. 
Hutton. (Reprinted from the PaU Mdll 
Gazette.) Crown Svo. 4s. Gd, 

Lord Macaulay’s Miscellaneous i 

Writings. j 

Library Edition, 2 vols. Svo. Portrait, 21s. 
People’s Edition, 1 vol. crown Svo. 4#. Gd. 


The Rev. Sydney Smith’s Mis- 
cellaneous Works ; including his Contribu- 
tions to the Edinburgh Review. People’s 
Edition, 2 vols. crown Svo. 8s. 

Elementary Sketches of Moral Philo- 
sophy, delivered at the Royal Institution. 
By the same Author. Fcp. 6s. 

The Wit and Wisdom of the Bev. 
Sydney Smith: a Selection of tho most 
memorable Passages in his Writings and 
Conversation. 16mo. 6s. 

Epigrams, Ancient and Modern : 

Humorous, Witty, Satirical, Moral,* and 
Panegyrical. Edited by Rev. John Booth, 
B.A Cambridge. Second Edition, revised 
and enlarged. Fcp. 7s. Gd. 

The Folk-Lore of the Northern 

Counties of England and the Borders. By 
William Henderson. With an Appendix 
on Household Stories by the Rev. S. 
Baring-Gould. Crown Svo. 9s. Gd. 

Christian Schools and Scholars ; 

or, Sketcliesof Education from the Christian 
Era to the Council of Trent. By the Author 
of ‘ The Three Chaneellors,’ &c. 2 vols. Svo. 
price 30s. 

The Pedigree of the English Peo- 
ple ; an Argument, Historical and Scientific, 
on the Ethnology of the English. By 
Thomas Nicholas, M.A. rh.D. Svo. 16s. 

The English and their Origin : a 

Prologue to authentic English History. By 
Luke Owen Pike, M.A. Barrister-at-Law. 
Svo. 9s. 
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Essays selected from Contribu- 

tionH to the Edinhurgh Review, By Henry S 
Rogers. Second Edition. 3 vols. fcp. 21.'?. 

Beason and Faith, thoir Claims and 
Conflicts. By the same Author. New 
Edition, revised and extenOed. Crown 8vo. 

6s. Gd. I 

The Eclipse of Faith; or, a Visit to a 
Religious Sceptic. By the same Author. 
Eleventh Edition. Fcp. 6s. 

Defence of the Eclipse of Faith, by its 
Author. Third Edition. Fcp. 3s. Od. 
Selections from the Correspondence 
of R. E. 11. Greysou. By the same Author. 
Third Edition. Crown 8vo. 7s. Qd. 

Chips from a German Workshop ; 

being Essays on the Science, of Religion, 
and on Mythology, Tr.'ulitions, and Customs. 
By Max Mulleh, IM.A. Fellow of All Souls’ 
College, Oxford. 2 vols. 8vo. 21s. 

The Secret of Hegel: being the 

Hegelian System in Origin, Principle, Form,, 
and Matter. By James IIutchlson Stir- 
ling. 2 vols. 8vo. 28s. 

An Introduction to Mental Phi- 
losophy, on the Inductive Method. By 
J. D. Mokkll, M.A. LL.D. 8vo. 12s. 

Elements of Psychology, coutaiuing the 
Analysis of tho Intellectud Powers. By 
the same Author. Post 8vo. 7s. 6r/. 


The Senses and the Intellect. 

By Alexander Bain, M.A. Prof, of Logic 
in the Univ. of Aberdeen. Second Edition. 
8vo. 15s. 

The Emotions and tho Will, by the 
same Author. Second Edition. 8vo. 15s. 

On the Study of Character, includinK 
an Estimate of Phrenology. By the same 
Author. 8vo. 9s. 


Time and Space : a MotaphyBicai 

Essay. By Shadworth H. Hodgson. 
8 VO., price ICs. 


Occasional Essays. By C. W. 
Hoskyns, Author of* Talpa, or the Chroni- 
cles of a Clay Farm,’ &c. 16mo. 5s. 6r/. 


The Way to Rest : Results from a 
. Life-search after Religious Truth. By 
j R. Vaughan, D.D. Crown 8vo. 7s. GJ. 

j Prom Matter to Spirit. By Sophia 
I E. De Morgan. With a Preface by Pro- 
fessor De Morgan. Post 8vo. 8s. cid. 


The Philosophy of Necessity; or, 

I Natural Caw as applicable to Mental, Moral, 
and Social Science. By Chart.es Bray. 
Second Edition. 8vo. 9s. 

The Education of tho Feelings and 
Affections. By tho samo Author. Third 
I Edition. »8vo. Bs. 6d, 

On Force, its Mental and Moral Corre- 
lates. By the same Author, 8vo. 5s. 


Astronomy^ Meteorology^ Popular Geography^ (j*c. 

McCulloch’s Dictionary, Geogra- 


Outlines of Astronomy. By Sir • 
J. F. W. IIkuschel, Bart, M.A. Ninth j 
Edition, revised j with Plates and Woodcuts, j 
8vo. 18s. I 

Saturn and its System. By Rich- i 
ARD A. Proctor, B.A. late Scholar of St. ! 
John’s Coll. Camb. and King’s Coll. London. 

8 VO. with 14 Plates, 14s. 

The Handbook of the Stars. By the 
same Author. Square fcp. 8vo. with 3 Maps, 
price 5.S. 

Celestial Objects for Common 

Telescopes. ByT. W. Webb, M.A‘r.R.AS. 
Revised Edition, with Illustrations. | 

{^Nearly ready. ; 

A General Dictionary of Geo- | 

graphy, Descriptive, Physical, Statistical, 
and Historical ; forming a complete 
Gazetteer of the World. By A. Keith 
Johnston, F.R.S.E. New Edition, revised 
to July 1867. 8vo. 31«. 6d. 


phical. Statistical, and Historical, of the 
various Countries, Places, and pi-incipal 
Natural Objects in tho World. Revised 
Edition, with the Statistical Information 
throughout brought up to the latest returns. 
By Frederick Martin. 4 vols. 8vo. with 
coloured Maps, X4 4s. 

A Manual of G^eography, Physical, 
Industrial, and Political. By W. Hughks, 
F.R.G.S. Prof, of Geog. in King’s Coll, and in 
Queen’s Coll. Lond. With 6 Maps. Fcp. 7,v. G?/. 

The States of the River Plate: 

their Industries and Commerce, Sheep 
Farming, Sheep Breeding, Cattle Feeding, 
and Meat Preserving; the Employment of 
Capital, .Land and Stock and their Values, 
Labour and its Remuneration. By Wilfrit> 
Latham, Buenos Ayres. Second Edition. 

I 8vo. 12«. 
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JECawaii : the Past, Present, and Future 
of its Island- Kingdom : an Historical Ac- 
count of the Sandwich Islands. By Manlky 
Hopkins, Hawaiian Consul-General, &c.- 
Second Edition, revised and continued; 
with Portrait, Map, and 8 other Illustra- 
tions. Post 8vo. 125. 6f/. 


Maunder^s Treasm*y of Geogra- 
phy, Physical, Historical, Descriptive, and 
Political. Edited by W. Hughes, F.R.G.S. 
With 7 Maps and 1 6 Plates. Fcp. 105. Qd, 

Physical Geography for Schools 
and General Readers. By M. F. Maury, 
LL.D. Fcp. with 2 Charts, 25. Crf. 


Natural History and Popular Science. 


Elementary Treatise on Physics, 

Experimental and Applied, for the use of 
Colleges and Schools. Translated and edited 
from Ganot’s * Elemt‘nts de Physique * 
(witli the Author’s sanction) by E. Atkin- i 
SON, Ph.l). F.C.S. New Edition, revised 
and enlarged ; with a Coloured Plato and 
C20 Woodcuts. Post 8vo. los. 

The Elements of Physics or ' 

Natural Philosophy. By Neil. Arnott, 
M.D. F.R.S. Physician Extraordinary to 
the Queen. Sixth Edition, rewritten and 
completed. 2 Parts, 8vo. 2 Is. * 

Dove’s Law of Storms, considered in : 
connexion with the ordinary Movements of 
the Atmosphere. Translated by R. II. ' 
JPeoTT, M.A. T.C.D. 8vo. IO 5 . Qd. 

Rocks Classified and Described. ■ 

By Bernhard Von Cotta. An English 
Edition, hyP.lI.LAWRrcNCK (with English, 
German, and French Synonymes), revised 
by the Author. Post 8vo. 145. 

Sound : a Course of Eight Lectures deli- 
vered at the Royal Institution of Great 
Britain. By Professor John Tyndall, 
LL.D. F.R.S. Crown 8vo. with Portrait 
and Woodcuts, 95. 

Heat Considered as a Mode of , 
Motion. By Professor John Tyndall, 
LL.D. F.R.S. Third Edition. Crown 8vo. 
with Woodcuts, IO 5 . 6d. 

Light : its Influence on Life and Health. ; 
By Forres Winsloav, M.D. D.C.L. Oxon. : 
(Hon.). Fcp. 8vo. Gs. 

An Essay on Dew, and several Ap- ' 

pearances connected with it. By W. C. j 
AVells. ICditcd, with Annotations, by L. , 
P. Casella, F.R.A.S. and an Appendix by 1 
R. Stuaohan, F.M.S. 8vo. 55. 

A Treatise on Electricity, in j 
Theory and Practice. By A. De la Rive, [ 
Prof, in the Academy of Geneva. Trans- I 
lated by C. V. Walker, F.R.S. 3 vols. ' 
8 VO. with Woodcuts, £3 18s, 


A Preliminary Discourse on the 

Study of Natural ^’hilosopby. By Sir 
John F. W. Heuschel. Bart. Revised 
Edition, with Vignette Title. Fcp. 3s, 6d, 

The Correlation of Physical 
Forces. By W. R. Grove, Q.C. V.P.R.S. 
Fifth Edition, revised, and augmented by a 
Discourse on Continuity. 8vo. 10s. Gd, 
'riic Discourse on Confinuify, separately, 
price '2s. Gd 

Manual of Geology. By s. ITai ghton, 
M.D. F.R.S. Fellow of Trin. Coll, and Prof, 
of Geol. ill the Univ. of Dublin. Second 
Edition, with 60 Woodcuts. Fcp. 7s. Gd. 

A Guide to Geology. By J. Phillips, 
M.A. Prof, of Geol. in the Univ’, of Oxford. 
Fifth Edition. Fcp. 4s. 

A Glossary of Mineralogy. By 
II. W, Bristow, F.G.S. of the Geological 
Survey of Great Britain. With 486 Figures. 
Crown 8vo. Gs. • 

Van Der Hoeven’s Handbook of 

Zoology. Translated from the Second 
Dutch Edition by the Rev. W. Clark, 
M.D. F.R.S. 2 vois. 8vo. with 24 IMates of 
Figures, 60.5. 

Professor Owen’s Lectures on 

the Comparative Anatomy and Physiology 
of the Invertebrate Animals Second 
Edition, with 235 Woodcuts 8vo. 215. 

The Comparative Anatomy and 

Physiology of the Vertebrate Animals. By 
Richard Owen, F.R.S. D.C.L. 3 vols. 
8vo. with upwards of 1,200 Woodcilts, 
Vols. T. and II. price 2 Is. each. Vol. Ill, 
(completing the work) is nearly ready. 

The First Man and His Place in 

Creation, considered on the Principles of 
Common Sense from a Christian Point of 
View; with an Appendix on the Negro. 
By George Moore, M.D. M.R.C.P.L &c. 
Post 8 yo . 8.5. 6d. 
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The Primitive Inhabitants of 

Scandiuavia: an Essay on Comparative 
Ethnograph}^ and a contribution to the 
History of the Developement of Mankind, 
Containing a description of the Implements, 
Dwellings, Tombs, and Mode of Living of 
the Savages in the North of Europe during 
the Stone Age. By Sven Nilsson. Trans- 
lated from the' Author’s MS. of the Third 
Edition ; with an Introduction by Sir John 
Lubbock. 8vo. with numerous Plates. 

[ Nearly ready. 

The Lake Dwellings of Switzer- 
land and other Parts of Europe. By Dr, F. 
Kellkk, President of the Antiquarian Asso- 
ciation of Zurich. Translated and arranged 
by J. E. Lee, F.S.A. F.G.S. Author of 
‘Isca Silurum.* With several Woodcuts 
and nearly 100 Plates of Figures. Royal 
8vo. 31s. 6d. 

Homes without Hands: a Descnp- 
tion of the Habitations of Animals, classed 
according to their Principle of Construction. 
By Rev. J. G.Wood, M.A. F.L.S. With 
about 140 Vignettes on Wood (20 full size 
of page). Second Edition. 8vo. 21s. 

Bible Animals; being an Account of the 
various Birds, Beasts, Fishes, and other 
Animals mentioned in the Holy Scriptures. 
By the Rev. J. G. Wood, M.A. F.L.S. 
Copiously Illustrated with Original Design®, 
made under the Author’s superintendence 
and engraved on Wood, In course of pub- 
lication monthly, to be completed iii 20 
Parts, price Is. each, forming One Volume, 
uniforiii with ‘Homes without Hands.’ 

The Harmonies of Nature and 

Unity of Creation. By Dr. G. Hautwig, 
8vo. with numerous Illustrations, J 8». 

The Sea and its Living Wonders. By 
the .same Author. Third Edition, enlarged. 
8vo. with many Illustrations, 21s. 

The Tropical World. By tho same Author. 
With 8 Chromoxylographs and 172 Wood- 
cuts. 8 VO. 21s. 

Tho Polar World: a Popular Account of 
• Nature and Mau in the Arctic and Antarctic 
Regions. By the same Author. 8vo*. with 
numerous Illustrations. {^Nearly ready. 

Ceylon. By Sir J. Emerson Tennent, 
K.C.S. LL.D. 5th Edition ; with Maps, &c, 
and 90 Wood Engravings. 2 vols. 8vo. 
£2 10.S-. 

The Wild Elephant, its Structure and 
Habits, with tho Method of Taking and 
Training it in Ce^on. By the same 
Author. Fcp. witli iWVoodcnts, 3.s. Gd. 


i Manual of Corals and Sea Jellies. 

, By J. R. Greene, B.A. Edited by J. A. 
j Galbraith, M.A. and S. Haughton, M.D. 
Fcp. with 39 Woodcuts, 5s, 

Manual of Sponges and Animalculm ; 
with 'a General Introduction on the Princi- 
, pies of Zoology. By the same Author and 
Editors. Fcd with 16 Woodcuts. 2s. 

I Manual of the Metalloids. By J. Apjoiin, 
M.D. F.lt.S. and the same Editors. 2nd 
I Edition. Fcp. with 38 Woodcuts, 7s. Gd. 

j A Familiar History of Birds. 

J By E. Stanley, D.D. late Lord Bishop of 
I Norwich. Fcp. with Woodcuts, 3s. 6d. 

Kirby and Spence’s Introduction 

to Entomology, or Elements of the Natural 
History of Insects. Crown 8vo. 5s. 

Maunder’s Treasipy of Natural 

' History, or Popular Dictionary of Zoology, 
j Revised and corrected hy T. S. Cobbold, 
; M.D. Fcp. with 900 Woodcuts, 10s. 

The Elements of Botany for 

Families and Schools. Tenth Edition, re- 
j vised by Thomas Moore, F.L.S. Fcp. 
j with 154 Woodcuts, 2s. Gd. 

The Treasury of Botany, or 

Popular Dictionary of the Vegetable King- 
I dom ; with which is incorporated a Glos- 
j sary of Botanical Terms. Edited by 
' J. Lindlky, F.li.S. and T. Moore, F.L.S, 
assisted by oininent Contributors. Pp. 
i 1,274, with 274 Woodcuts and 20 Steel 

* Plates. 2 Parts, fcp. 20s. 

The British Flora ; comprising the 
Phanogamous or Flowering Plants and the 
j Ferns. By Sir W. J. Hooker, K.n. and 
, G. A. Walker-Arnott, LL.D. 12mo, 
! with 12 Plates, 14s. or coloured, 21s. 

The Bose Amateur’s Guide. By 

Thomas Rivers. New Edition. Fcp. 4s. 

Loudon’sEncyclopeedia of Plants; 

comprising the Specific Character, Descrip- 
i tion. Culture, History, &c. of all the Plants 
I found in Great Britain. With upwards of 
j 12,000 Woodcuts. 8vo. 42«. 

Loudon’s Enoyclopmdia of Trees and 
Shrubs; containing the Hardy Trees and 
Shrubs of Great Britain scientifically and 
popularly described. With 2,000 Woodcuts, 
8vo. 50s, 

Maunder’s Scientihe and Lite- 
rary Treasury ; a Popular Encyclopadia of 
Science, Literature, and Art. New Edition, 
thoroughly revised and in great part fe- 
written, with above 1,000 new articles, by 

* J. Y. Johnson, Corr. M.Z.S. Fcp. 10a. 6d. 

li 
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A Dictionary of Science, Litera- 
ture, and Art. Fourth Edition, re-edited 
by the late W. T. Brande (the Author) 
and Gicorok VV. Cox, M. A. 3 volg. medium 
8vo. price Oo.v. cloth. 


Essays from the Edinburgh and 

Quarterly Reviews ; with Addresses and 
other Pieces. By Sir J. F. W. IlKiiscnKr., 
Bart. M.A. 8vo. 18.v. 


Clieniistri/^ Medicine, Surgery, and the Allied Science's, 


A Dictionary of Chemistry and 

the Allied Braiic-lies of other Sciences. By 
irKNRY Watts, F.C.S. assisted by eminent 
(,’ontributois. 5 vols. medium 8vo. in 
rourse of publication in Parts. Vol. I. 
HU. GrL VoL. II. 26s. Vol. III. 31s. 6r4 
and Vol. IV. 24a‘. are now ready. 

Handbook of Chemical Analysis, 

adapted to the Unitary System of Notation. 
By F. T. CoMNGTON, ^lA. F.C.S. Post 
8vo. 7s. 6«/. 

Conington’s Tables of Qualitative 
AnaJysi'ty to accompany the above, ‘2s.6rf. 

Elements of Chemistry, Theore- 
tical and Practical. By William A, 
^IiLLKR, M.D. LL.D. Professor of Chemis* 
try, King’s College, London. 3 vols. 8vo. 
£3. Part I. Ciikmical Physics, l{evise<l 
Edition, 1.5s. Part II. Inorganic Che- 
mistry, 21s. Part III. Organic Che- 
mistry, 24s. 

A Manual of Chemistry, De- 
scriptive and Theoretical. By William 
Odlino, M.B. F.ILS. Part I. 8vo. 9s. 
Part 1 1, nearly ready. 

X Course of Practical Chemistry, for the 
use of Medical Students. By the same 
Author. New Edition, with 70 new 
Woodcuts. Crown 8vo. 7s. 6ri. 

Lectures on Animal Chemistry Delivered 
at the Royal College of Physicians in 1866. 
By the same Author. Crown 8vo. 4s. 6<4 

The Toxicologist’s Guide : a New 
Manual on Poisons, giving the Best Methods ■ 
to bft pursued for the Detection of Poisons 
By T. IIoRSLE Y, F.C.Su Analytical Chemist. , 
Post 8vo. 3s. dd. 

The Diagnosis, Pathology, and 

Treatment of Diac.a8e8 of Women ; including | 
the Diagnosis of Pregnancy. B}' Graily I 
Hewitt, M.D. &c. Second Edition, en- i 
larged; with 116 Woodcut Illustrations. , 
8vo^2 Is. 


Lectures on' the Diseases of In- 
fancy and Childhood. By Charles West, 
M.D. &c. 5th Edition, revised and enlarged. 
8vo. 16s. 

Exposition of the Signs and 

Sj^mptoms of Pregnancy : with other Papers 
on subjects connected with Miilwiferv. By 
W. F. Montgomery, M.A. M.D. M.R.I.A. 
8vo. with Illustrations, 25s. 

A System of Surgery, Theoretical 
and Practical, in Treatises by Various 
Authors. Edited by T. Holmes, M.A. 
Cantab. Assistant-Surgeon to St. George’s 
Hospital. 4 vola. 8vo. £i 13s. 

Vol. I. General Pathology, 21*. 

Vol. II. Local Injuries : Gun-shot Wounds, 
Injuries of the Head, Back, Face, Neck, 
Chest, Abdomen, Pelvis, of the Upper and 
Lower Extremities, and Diseases of the 
Eye. 21s. 

Vol. III. Operative Surgery. Diseases 
of the Organs of Circulation, Locomotion, 
&c. 2Is. 

Vol. IV. Diseases of the Organs of 
Dige.stion, of the Genito- Urinary System, 
and of the Breast, Thyroid Gland, and' Skin ; 
with Appendix and General Index. 30 s. 

Lectures on the Principles and 
Practice of Physic. By Thomas Watson, 
M.D. Physician-Extraordinary to the 
Queen. New Edition in preparation. 

Lectures on Surgical Pathology. 
By J. Paoet, F.R.S. Surgeon- Extraordinary 
to the Queen. Edited by W. Turner, M.B. 
New Edition in preparation. 

A Treatise on the Continued 

Fevers of Great Britain. By C. Murchison, 
M.D. Senior Physician to the London Fever 
Hospital. 8vo. with coloured Plates, 18a. 

Outlines , of Physiology, Human 
and Comparative. By John Marshall, 
F.n.C.S. ProffiS!?or of »Surgery in University 
College, London, ami Surgeon to the Uni- 
versity College, Hospital. 2 vols. crown 8vo. 
Mith 122 Woodcuts, S2«. 
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Anatomy, Descriptive and Sur- 
gical. By Hbwky Gray, F.R.S. With 
410 Wood Engravings from Dissections. 
Fourth Edition, by T.Holmes, M.A. Cantab. 
Koyal 8vo. 28«. 

The Cyclopoedia of Anatomy and 

Physiology. Edited by the late R. B. Todd, 
M.D. F.R.S. Assisted by nearly all the 
most eminent cultivators of Phj-siological 
Science of the present age. 5 vola. 8vo. 
Trith 2,853 Woodcuts, £6 Gs, I 

Physiological Anatomy and Phy- 
siology of Man. By the late U. B. Todd, 
M.D. F.R.S. and W. Bowman, F.R.S. of 
King’s College. With numerous Illustra- 
tions. VoL. II. 8vo. 25s. 

VoL. I. New Edition by Dr. Lionel S. 
Beale, F.B.S. in course of publication; 
Pakt T, with 8 Plates, 7s. Gd. 

Histological Demonstrations; a 

Guido to the Microscopical Examination of 
the Animal Tissues in Health and Disease, • 
for the use of the Medical and Veterinary 
Professions. By G. Harley, M.D. F.Tl.S. 
Prof, in Univ. Coll. London ; and G. T. 
Brown, M.R.C.V.S. Professor of Veteri- 
nary Medicine, and one of the Inspecting 
Officers in the Cattle Plague Department 
of the Privy Council. Post 8vo. with 223 
Woodcuts, 12«. I 

A Dictionary of Practical Medi- 
cine. By J. Copland, M.D. F.K.S. 
Abridged from the larger work by the 
Author, assisted by J. C. Copland, M.R.C.S. 
and throughout brought down to the pre- 
sent state of Medical Science. Pp. 1,560, 
in 8vo. price 3().s. 


The Works of Sir B. C. Brodie, 

Bart, collected and arranged by Charles 
Hawkins, F.R.C.S.E. 8 vola. 8vo. with 
Medallion and Facsimile, 48«. 

A Manual of Materia Medica 

and Therapeutics, abridged from Dr. 
Pkrktra’s Elements by F. J. Farrk, M.D. 
assisted by R. Bentley, M.R.C.S. and by 
R. Waeinoton, F.R.S. 1 vol. fvo. with 
90 Woodcuts, 21a. 

Thomson’s Conspectus of the 

British Pharmacopceia. Twenty-fourth 
Edition, corrected by E. Lloyd Birkett, 
M.D. 18mo. bs.Gd. 

Manual of the Domestic Practice 
of Medicine. By W. B. Kestkven, 
F.R.C.S.E. Third Edition, thoroughly 
revised, with Additions. Fcp. 6.i. 

Sea-Air and Sea-Bathing for 

Children and Invalids. By William 
Strange, M.D. Fcp. 3.l 

The Restoration of Health; or, 

the Application of the Laws of Uygieno to 
the Recovery of Health : a Manual for the 
Invalid, and a Guide in the Sick Room. 
By W. SniANOE, M.D. Fcp. Ca. 

Gymnasts and Gymnastics. By 

John H. Howard, late Professor of Gym- 
nastics, Comm. Coll. Rippoiiden. Second 
Edition, revised and enlarged, with various 
Selections from tIiebo<l .Authors, containing 
415 Exercises; and illustrated with 135 
Woodcuts, including the most Recent Im- 
provements In the ditForent Apparatus now 
used in the various Clubs, iS;e. Crown 8vo. 
10*. Gd. 


The Fine Arts, and Illustrated Editions. 


Half-HolU’ Lectures on the His- 
tory and Practice of the Fine and Orna- 
mental Arts. By W. B. Scott. Second 
Edition. Crown 8vo. with 60 Woodcut 
Illustrations, 8s. Gd. 

An Introduction to the Study of 

National Music; Comprising Researches 
into Popular Songs, Traditions, and Cus- 
toms. By Carl Enorl. With Frontis- 
piece and numerous Musical Illustrations. 
8vo. 16s. 

Lectureson the History of Modern 

Music, delivered at the Royal Institution. 
By John Hullah. First Course, with 
Chronological Tables, post dvo. 6s. Gd. 
Second Course, the Transition Period, 
with 26 Specimens, 8vo. I6s. 


The Chorale Book for Bngland ; 

a complete Hymn-Book in accordance with 
the Services and Festivals of the Church of 
England ; the H3’'mn3 translated by Miss C. 
WiNKWORTH ; the Tunes arranged by Prof. 
W. 8 . BKNNETr and Otto Goldschmidt, 
Fcp. 4to. 12s. Gd, 

Congregational Edition. Fcp. 2s. 

Six Lectures on Harmony. De- 
livered at the Roj'al Institution of Great 
Britain before Easter 1867, B}’’ G. A. 

Macfarbkn. 8vo. 10.«. Gd. 

Sacred Music for Pamily Use ; 

A Selection of Pieces for One, Two, or more 
Voices, from the best Composers, B'oreign 
and English. Edited hy John HuD(.Aif. 

I vol. music folio, 21«. 
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The New Testament, illustrated with 
Wood Engravings after the Early Masters, 
chiefly of the Italian School. Crown 4to. 
63«. cloth, gilt top ; or £5 5s, morocco. 

layra Germanioa, the Christian Year. 
Translated by Cathbrute Wihkworth; 
with 126 Illustrations on Wood drawn by 
J. L.BIOHTON, F.S.A. Quarto, 21s. 

Zjyra Germanica. the (yhristian Life. 
Translated by Catiikuink Winkworth; 
with about 200 Woodcut Illustrations by 
J. Leighton, F.S.A. and other Artists. 
Quarto, 215. 

The Life of Man Symbolised by 

the Months of the Year in their Seasons 
and Phases; with Passages selected from 
Ancient and Modern Authors. By Richard 
P iGOT. Accompanied by a Series of 26 
full-page Illustrations and numerous Mar- 
ginal Devices, Decorative Initial Letters, 
and Tailpieces, engraved on Wood from 
Original Designs by John Leighton, 
F.S.A. Quarto, 425. 

Cats’ and Farlie’s Moral Em- 
blems ; with Aphorisms, Adages, and Pro- 
verbs of all Nations : comprising 121 
Illustrations on Wood by J. Leighton, 
F.S.A. with an appropriate Text by 
R. PiGOT. Imperial 8vo. 315. 6d, 


' Shahspearo’s Sentiments and 

Similes printed in Black and Gold, and illu- 
minated in the Missal style by Henry Noel 
Humphreys. In massive covers, containing 
the Medallion and Cypher of Shakspeare. 
j Square post 8vo. 215. 

Sacred and Legendary Art. By 
Mrs. Jameson. With numerous Etchings 
and Woodcut Illustrations. G vols. square 
crown 8vo. price ' £5 155. 6<f. cloth, or 
£12 125. bound in morocco by Riviere. To 
be had also in cloth only, in Four Series, 
as follows : — 

I Legends of the Saints and Martyrs. 
! Fifth Edition, with 19 Etchings and 187 
' Woodcuts. 2 vols. square crown 8vo. 
315. 6d, 

Legends of the Monastic Orders. Third 
j Edition, with 11 Etchings and 88 Woodcuts. 
1 vol. square crown 8vo, 21s. 

. Legends of the Madonna. Third Edition, 
( with 27 Etchings and 16.5 Woodcuts. 1 
I vol. square crown 8vo. 2l5. 

j The History of Our Lord, as excraplifled 
in Works of Art. Completed by Lady East- 
I LAKE. Second Edition, with 13 Etchings 
I and 281 Woodcuts. 2 vols. square crown 
8vo. 425. 


Arts, Manufactures, ^c. 


Drawing f^om Nature; a Series of ; 
Progressive Instructions in Sketching, from | 
Elementary Studies to Finished Views, | 
with Examples from Switzerland and the | 
Pyrenees. By George Barnard, Pro- 
fessor of Drawing at Rugby School. With 
18 Lithographic Plates and 108 Wood En- 
gravings. Imp. 8vo. 265. or in Three Parts, 
royal 8vo. 75. 6c?. each. 

Gwnt’s EnoyolopoBdia of Archi- 
tecture. Fifth Edition, with Alterations 
and considerable Additions, by Wyatt 
l^APWORTH. Additionally illustrated with 
nearly 400 Wood Engravings hy O. 
Jewitt, and upwards of 100 other new 
Woodcuts. 8vo. 525. 6d 

Tuscan Sculptors, their Lives, 

Works, and Times. With 45 Etchings and 
28 Woodcuts from Original Drawings and 
Photographs. By CHARiiEs C. Perkins. 

2 vols, imp. 8vo. 635. ' 


Original Designs for Wood-Carv- 
ing, wRh Practical Instructions in the Art. 
By A. F. B. With 20 Plates of Illustrations 
engraved on Wood. Quarto, I85. 

The Grammar of Heraldry: con- 
taining a Description of all the Principal 
i Charges used in Armory, the Signifleation 
of Heraldic Terms, and the Rules to be 
observed in Blazoning and Marshalling. 
By John E. Cussans. Fcp. with 196 
Woodcuts, 45. Qd, 

Hints on Household Taste in 

Furniture and Decoration. By Charles L. 
Eastlake, Architect. With numerous Illus- 
trations engraved on Wood. \_Nearly ready. 

The Engineer’s Handbook; ex- 
plaining the Principles which should guide 
the young Engineer in the Construction of 
Machinery. By C.S. Lowndes. Post8vo.55. 
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The Elements of Mechanism. 
By T. M, Goodkve, M.A. Prof, of Me- 
chanics at the R. M. Acad. Woolwich. 
Second Edition, with 217 Woodcuts. Post 
8vo. 65. 6rf. 

lire’s Dictionary of Arts, Manu- 
factures, and Mines. Sixth Edition, chiefly 
re-written and greatly enlarged by Robert 
Hunt, F.R.S., assisted by numerous Con- 
tributors eminent in Science and the Arts, 
and familiar with Manufactures. With 
2,000 Woodcuts. 3 vols. medium 8vo. 
£4 145. Gd. 

Treatise on Mills and Millwork. 
By W. Fairbairn, C.E. F.R.S. With 18 
Plates and 322 Woodcuts. 2 vols. 8 vq. 32#. 

TJseful Information for Engineers. By 
the same Author. First, Second, and 
Third Series, with many Plates and 
Woodcuts. 3 vols. crown 8vo. IO5. 6d. each. 

The Application of Cast and Wrought 
Iron to Building Purposes. By the same 
Author. Third Edition, with 6 Plates and 
118 Woodcuts. 8vo. I65. 

Iron Ship Building, its History 

and Progress, as comprised in a Series of 
Experimental Researches on the Laws of 
Strain; the Strengths, Forms, and other 
conditions of the Material ; and an Inquiiy 
into the Present and Prospective State of 
the Navy, including the Experimental 
Results on the Resisting Powers of Armour 
Plates and Shot at High Velocities. By 
W. Fairbairn, C E. F.R.S. With 4 Plates 
and 130 Woodcuts, 8vo. I85. 

Encyclopaedia of Civil Engineer- 
ing, Historical, Theoretical, and Practical. 
By E. Ckesy, C.E. With above 3,000 
Woodcuts. 8vo. 425. 

The Artisan Club’s Treatise on 
the Steam Engine, in its various Applica- | 
tions to Mines, Mills, Steam Navigation, 
Railways, and Agriculture. By J. Bourne, 
C.E. New Edition; with 37 Plates and 
546 Woodcuts. 4to. 425. 

A Treatise on the Screw Pro- 
peller, Screw Vessels, and Screw Engines, 
as adapted for purposes of Peace and War ; 
with notices of other Methods of Propulsion, 
Tables of the Dimensions and Performance 
of Screw Steamers, and Detailed Specifica- 
tions of Ships and Engines. By the same 
Author. Third Edition, with 54 Plates and 
287 Woodcuts. Quarto, 635. 


Catechism of the Steam Engine, 

in its various Applications to Mines, Mills, 
Steam Navigation, Railways, and Agricul- 
ture. By John BoupwNk, C.E. New Edition, 
with 199 Woodcuts. Fcp. 65, 

Handbook of the Steam Engine, by the 
same Author, forming a Key to the Cate- 
chism of the Steam Engine, with 67 Wood- 
cuts. Fcp. 95. 

A History of the Machine- 

Wrought Hosiery and Lace Manufactures. 
By William Felicin, F.L.S. F.S.S. With 
3 Steel Plates, 10 Lithographic Plates of 
Machinery, and 10 Coloured Impressions of 
Patterns of Lace. Royal 8vo. 2I5. 

Manual of Practical Assaying, 

for the use of Metallurgists, Captains of 
Mines, and Assayers in general; with 
copious Tables for Ascertaining in Assays 
of Gold and Silver the precise amount in 
Ounces, Pennyweights, and Grains of Noble 
Metal contained in One Ton of Ore from a 
Given Quantity. B3" John Mitchell, 
F.C.S. 8vo. with 360 Woodcuts, 215. 

The Art of Perfumery ; the History 
and Theory of Odours, and the Methods 0 f 
Extracting the Aromas of Plants. By 
Dr. PiESSB, F.C.S. Third Edition, with 
53 Woodcuts. Crown 8vo. IO5. Gd. 

Chemical, N atural, and Physical Magic, 
for Juveniles during the Holidays. By the 
same Author. Third Edition, enlarged 
with 38 Woodcuts. Fcp. 65. 

Loudon’s Encyclopaedia of Agri- 
culture: Comprising the Laying >out. Im- 
provement, and Management of Landed 
Property, and the Cultivation and Economy 
of the Productions of Agriculture. With 

I, 100 Woodcuts. 8vo. 315. Gd. 
ljOudon*s Encyclopaedia of Gardening : 

Comprising the Theory and Practice of 
Horticulture, Floriculture, Arboriculture, 
and Landscape Gardening. With 1,000 
Woodcuts. 8vo. 8I5. Gd. 

liOudon’s Encyclopaedia of Cottage, Farm, 
and Villa Architecture and Furniture. With 
more than 2,000 Woodcuts. 8vo. 425. 

Garden Architecture and Land- 
scape Gardening, illustrating the Architec- 
tural Embellishment of Gardens ; with Re- 
marks on Landscape Gardening in its rela- 
tion to Arcliitecture. By John Arthur 
Hughes. 8vo. with 191 Woodcuts, 145. 

Bayldon’s Art of Valuing Bents 

and Tillages, and Claims of Tenants upon 
Quitting Farms, both at Michaelmas and 
Lady-Day. Eighth Edition, revised by 

J. C. Morton. 8vo. IO5. 6d. 
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BeUgious and 

A.n Exposition of the 39 Articles, 

Historical and Doctrinal, By E. Harold 
Browne, D.D. Lord Bishop of Ely. Seventh 
Edition. 8vo. 16s. 

ESxamination-Questions on Bishop 
Browne’s Exposition of tho Articles. By 
the Rev. J. Gout.h, M.A. Fcp. 8s. 6d. 

The Life and Reign of David 

King of Israel. By Gkouqe Smith, LL.D. 
F.A.'?. Crown 8vo. 7s. 6d. 

The Acts of the Apostles; a 

Commentary, and Practical and Devotional 
Suggestions for Readers and Students of the 
English Bible. By tho Rev. F. C. Cook, 
M.A, Canon of Exeter, &c. New Edition, 
8vo. 12s. Gd. 

The Life and Epistles of St. 

Paul. By W. J. Conyiieake, M.A. late 
Fellow of Trin. Coll. Cantab, and J. S. 
IIowsoN, D.D. Principal of Liverpool Coll. 

Library Edition, with '.he Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts, &c. 2 vols, 4to. 48s. 

Intermediate Ediiton, with a Selection 
of Maps, Plates, and Woodcuts. 2 vols. 
square crown 8vo. 31s. 6d. 

People’s Edition, revised and con- 
densed, with 46 Illustrations and Maps. 
2 vols. crown 8vo. 12s. 

The Voyage and Shipwreck of 

St. Paul ; with Dissertations on the Ships 
and Navigation of tho Ancients. By J ames 
Smith, F.R.S. Crown 8vo. Charts, 10s. 6d, 

Evidence of tho Truth of the 

(hiristian Religion derived from the Literal 
Fulfilment of Prophecy, jiarticularly as 
niiistralcd by tho History of the Jews, and 
the Discoveries of Recent Travellers. By 
Alexander Keith, D.D. 37th Edition, 
witli numerous Plates, in square 8vo. 
12*. 6^/. ; also the 39th Edition, in post 8vo. 
with 5 Plates, Cs. 

Tho History and Destiny of the World 
and of the Church, according to Scripture. 
By the same Author. Square 8vo. with 40 
Illustrations, 10s. 

History of Israel to the Death 

of Moses. By Heinrich Ewald, Pro- 
fessor of the University of Gdttingen. 
Translated from the German. Edited, with 
a Preface, by Russell Mautineau, M.A. 
I’rofessor of Hebrew in Manchester New 
College, London. 8vo. 18*., 


Moral Works. 

A Critical and Grammatical Com- 
mentary on St. Paul’s Epistles. By C. J. 
Ellicott, D.D. Lord Bishop of Gloucester 
and Bristol. 8vo. 

Galatians, Tliivd Edition, 8*. 8d. 

Bphesians, Fourth ^Edition, 8*. 6;/. 

Pastoral Epistles, Third Editio)i, 10?. 6^7. 
Philippians, Colossians, and Philemon, 
Third Edition, 10*. 6rf. 

Thessalonians, Third Edition, Is. Gd. 

Historical Lectures on tho Life of 

Our Lord Jesus Christ: being the Hulsean 
Lectures for 1859. By the same Author. 
Fourth Edition. 8vo. 10«. Gd, 

The Destiny of tho Creature ; and other 
Sermons preached before the University of 
Cambridge. By the same. Post 8vo. bs. 

TheGreekTestament ; withHotes, 

Grammatical and Exegetical. By the Rev. 

I W. Webster, M.A. and the Rev. W. F. 
1 Wilkinson, M.A. 2 vols. 8vo. £2 4s. 

VoL. I. the Gospels and Acts, 20*. 

I VoL. II. the Epistles and Apocalypse, 24*. 

An Introduction to the Study of 

the New Testament, Critical, Exegetical, 
and Theological. By the Rev. S. Davidson, 
D. D. LL.D. 2 vols. 8vo. [ h* the press. 

Rev. T. H. Hornets Introduction 

I to the Critical Study and Knowledge of the 
Holy Scriptures. Eleventh Edition, cor- 
j reeled, and extended under careful Editorial 
j revision. With 4 Maps and 22 Woodcuts 
and Facsimiles. 4 vols. 8vo. £3 13*. 6d. 

I Kev. T. H. Horne’s Compendious In- 
troduction to the Study of the Bible, being 
an Analysis of the larger work by the same 
I Author. Re-edited by the Rev. John 
I Ayre, M.A. With Maps, &c. Post 8vo. 9*. 

The Treasury of Bible Know- 
ledge; being a Dictionary of the Books, 
Persons, Places, Events, and other Matters 
of which mention is made in Holy Scrip- 
ture; intended to establish its Authority 
and illustrate its Contents. By Rev. 
J. Ayrk, M.A. With Maps, 15 Plates, and 
numerous Woodcuts. Fcp. 10*. 6d. 

Every-day Scripture Diflaculties 

explained and illustrated. By J. E. Pi:es- 
COTT, M.A. VoL. I. Matthew and Mark ; 
VoL. 11. Lvhe and John. 2 vols. 8vo. 9*. each. 
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The Pentateuch and Book of 

Joshua Critically Examined. B3' the Right 
Rev. J. W. CoLENSo, D.D. Lord Bishop of 
Natal. People’s Edition, in 1 vol. crown 
8vo. 6s. or in 5 Parts, Is. each. 

The Church and the "W orld: Essays ■ 
on Questions of the Day. By various 
Writers. Edited by Rev. Orby Shipley, 
M.A. First and Second Sk II IKS. 2vols. 
8vo. 16*. each. Third Series preparing 
for publication. 

Tracts for the Day; a Series of 

Essays on Theological Subjects. By various 
Authors. Edited by the Rev. Orp.y Ship- 
ley, M.A. I. Priestly AhsoJution Scrip- 
trial, 9d. 11. Purgatory, {)d. 111. The Seven 
Sacraments, 1 s. 6«/. 1 V. Miracles and Prayer, 
{'id. V. The Real Presence, Is. 3d VI. <^su- 
istry, Ls. VII. Unction of the SicJi, 9d VIII. 
The Rule of Worship, *9d IX. Popular 
Rationalism, 9d 

The Formation of Christendom. 

Part I. By T. W. Allies. 8vo. 12*. 

Christendom’s Divisions; a Philo- 
sophical Sketch of the Divisions of the 
Christian Family in East and West. By 
Edmund S. Ffoulkks, formerly Fellow and 
Tutor of Jesus Coll. Oxford. Post 8vo. Is. 6d 

Christendom’s Divisions, Part II. 

Greeks and Latins, being a History of their 
Dissentions and Overtures for Peace down 
to the Reformation. By the same Author. 
Post 8 VO. 15 L 

The Hidden Wisdom of Christ 

.and the Key of Knowledge ; or, History of 
the Apocrypha. By ERNKJiT De Bunsen. 

2 vols. 8vo. 28,*. 

The Keys of St. Peter; or, llu; House of 
Rechab, connected with the History if 
Symbolism .nnd Idcl.itry. By the .':ame 
Author. Hvo. i\s 

The Temporal Mission of the 

Holy Gho.st; or, Reason and Revelation. 
By Archbishop IManmng, D.D. Second 
Edition. Crown 8vo. 8*. 6d 

Jlngland and Christendom. B> the same 
Author. Preceded by an Introduction on 
tlie Tendencies of Religion in England, and 
the C.Ttliolic Practice of Prayer for the 
Restoration of Chri.stiaii Nations to the 
Unity of the (church. Po.st 8vo. 10s. Cr/, 

Essays on Beligion and Litera- 
ture. Edited by Archbisliop Manning, 
D.D. FrRsr Series, 8vo. 10.«. Second 
Series, 11.v. 


Essays and Reviews. By the Rev. 
W. Temple, D.D. the Rev. R. Williams, 
B.D. the Rev. B. Powki.l, M.A. the Rev. 
H. B. "NyiLSON, B.D. C. W. Goodwin, M.A. 
the Rev. M. Pattison, B.D. and the Rev. 
B.JowetTjM.A. 12thE(Utiou. Fcp.6«. 

Mosheim’s Ecolesiastical History. 

Murdock and Soamks’s Translation and 
Notes, re-edited by the Rev. W. Stubbs, 
M.A. 3 vols. 8vo. 45.1. 

Bishop Jeremy Taylor’s Entire 

Works: With Life by Bishop Heber. 

I Revised and corrected the Rev. C. P. 
j Eden, 10 vols. £5 5*. 

; Passing Thoughts on Religion. 

j By the Author of ‘Amy Herbert.’ New 
j Edition. Fcp. 5s. 

'■ Self-examination before Confirmation, 
i By the same Author. 32mo. 1*. 6d. 

! Headings for a Month Preparatory to 
Conlirmation from Writers of the Early and 
’ English Church. By the same. Fcp. 4s. 

I Headings for Every Day in Lent, com- 
piled from the Writings of Bisliop Jeremy 
I Taylor. By the same. Fcp. 5s. 

i Preparation for the Holy Communion ; 
the Devotions chiefly from the works of 
Jeremy Taylor, By the same. 32mo. 3s. 

Principles of Education drawn 

from Nature and Revelation, and Applied 
to Female Education in the Upper Classes. 
By the same. 2 vols. fcp. 12s. 6d. 

j The Wife’s Manual ; or, Prayers, 

I Thoughts, and Songs on Several Occasions 
j of a Matron’s Life. By the Rev. W. Cal- 
' VBRT, M.A. Crown 8vo. 10.*, Cd. 

I L3rra Domestica ; Christian Songs for 
Domestic Edification. Translated from the 
; Psaltery and Harp of C. J. P. Spitta, and 
i from other sources, by Richard Massie. 
First and Sr.coND Series, fcp. 4s. 6rf. each. 

, ‘ Spiritual Songs ’ for the Sundays 

and Holidays throughout the Year. By 
J. S. B. Monsklt,, LL.D. Vicar of Egham 
and Rural Dean. Sixth Tlioiisand. Fcp. 
price 4s. Cd. 

; The Beatitudes: Ahasement beforo God : 
Sorrow for Sin ; Meekness of Spirit ; Desire 
forHoliDcas; Gentleness; Purit}" of Heart; 

! the Peace- makers ; Suflerings for Christ. 

By the same .\uthor. Third Edition, re- 
1 vised. Fcp. 3s. 6d. 

His Presence not his Memory, -IS:..-). 
By the same .\iitIior, in uiemor}’ of his Sox. 
Fifth Edition. 16mo. Is. 



16 


NEW WORKS PUBLISHED BY LONGMANS and CO. 


Lyra Gerniailica, translated from the 
German by Miss C. Winkworth. First 
Series, Hymns for the Sundays and Chief 
Festivals; Second Series, the^Christian 
Life. Fcp. 8». 6d. each Series. 

Hymns from Lyra G ermanica, i8mo. is. 

Lyra Eucharistica ; Hymns and 
Verses on the Holy Communion, Ancient 
and Modern ; with other Poems. Edited by 
the Rev. Orby Shipley, M.A. Second 
Edition. Fcp. 7s. Qd. 

Xiyra Messianica ; Hymns and Verses on 
the Life of Christ, Ancient and Modern ; 
with other Poems. By the same Editor. 
Second Edition, enlarged. Fcp. 7*. 6d. 

Lyra Mystica ; Hymns and Verscis on Sacred i 
Subjects, Ancient and Modern. By the j 
same Editor. Fcp. 7s. Cd. ' 


I Lyra Sacra ; Hymns, Ancient and 
I Modern, Odes, and Fragments of Sacred 
Poetry. Edited by the Rev. B. W. Savii-e, 
M.A. Third Edition, enlarged. Fcp. 6s. 

The CathoHc Doctrine of the 

Atonement; an Historical Inquiry into its 
Development in the Church : with an Intro- 
duction on the Principle of Theological 
Developments. By H. N. Oxenham, M.A. 
8vo. 8s. 6*rf. 

Endeavours after the Christian 

Life : Discourses. By James Martineau. 
Fourth and cheaper Edition, carefully re- 
vised; the Two Scries complete in One 
Volume. Post 8vo. 7s. Gd. 

Introductory Lessons on the 

History of Religious AVorship ; being a 
Sequel to the ‘ Lessons on Christian Evi- 
dences.’ By Richard Whately, D.D. 
New Edition. 18mo. 2s. Gd. 


Travels, Voyages, ^c. 


The North-West Peninsula of i 

Iceltiiul; being the Journal of a Tour in j 
Iceland in the Slimmer of 18G2. By C. AV. 1 
SiiKPiiEiin, M.A. F.Z.S. With a Map and i 
Two Illustrations. Fcp. 8vo. 7s. Gd. I 

Pictures in Tyrol and Elsewhere. | 

From a Family Sketch-Book, By the ' 
Author of ‘A Voyage cn Zigzag,’ Ac. ' 
Quarto, with numerous Illustrations, 2 Is. 

How we Spent the Summer; or, 

a Voyage en Zigzag in Switzerland and , 
Tyrol with some Members of the Alpine 
Club. From the Sketch-Book of one of the ' 
Party. Third Edition, re- drawn. In oblong , 
4lo. with about 300 Illustrations, 15s. ■ 

Beaten Tracks ; or, Pen and Pencil : 
Sketches in Italy. By the Authoress of ; 
* A Voyage en Zigzag.’ With 42 Plates, , 
containing about 200 Sketches from Draw- | 
ings made on the Spot. 8vo. 16s. i 

Elorence, the New Capital of ; 

Ital}'. ByC. R. AVkld. VA^ith several En- i 
gravings on Wood, from Drawings by the 
Author. Post 8vo. 12s. Gd. , 

Map of the Chain of Mont Blano, j 

from an actual Survey in 1863 — 1864. By I 
A. Adams-Rkilly, F.R.G.S. M.A.C. Pub- 
lished under the Authority of the Alpine i 
Club. In Chromolithography on extra stout ! 
drawing-paper 28in. x 17in. price 10s. or j 
mounted on canvas in a folding case, 12s. Gd. i 


History of Discovery in our 
Australasian Colonies, Australia, Tasmania, 
and Now Zealand, from the Earliest Date to 
the Present Day. By William Howitt. 
With 3 Maps of the Recent Explorations 
from Official Sources. 2 vols. 8vo. 20s. 

The Capital of the Tycoon; a 

Narrative of a 3 Years* Residence in Japan. 
By Sir Rutherford’ Alcock, K.C.B. 
2 vols. 8vo. with numerous Illustrations, 42s. 

The Dolomite Mountains. Excur- 
sions through Tyrol, Carinthia, Carniola,and 
Friuli. By J. Gilbert and G. C. Chur- 
chill, F.R.G.S. With nuimjrous Illustra- 
tions. Square crown 8vo. 21s. 

A Lady’s Tour Hound Monte Bosa; 

including Visits to the Italian Vallcj’s. 
With Map and Illustrations. Post 8vo, 14s. 

Guide to the Pyrenees, for the use 

of Mountaineers. By Charles Packe. 
With Maps, Ac. and Appendix. Fcp. 6s. 

The Alpine Guide. By John Ball, 
M.R.I.A. late President of the Alpine Club, 
Post 8vo. with Maps and other Illustrations. 
Guide to tlio Eastern Alps. [Just ready. 
Guide to the Western Alps, including 
Mont Blanc, Monte Rosa, Zermatt, Ac. 
price 7s. Gd. 

Guide to the Obcrland and aU Switzer- 
land, excepting the Neighbourhood of 
Monte Rosa and the Great St. Bernard; 
with Lombardy and the adjoining portion 
of Tyrol. 7s. Gd. 
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The Englishman in India. By 

Chari.ks Raikrs, Esq. C.S.I. formerly 
Commissioner of Lahore. Post 8vo. 7s. 6cf. 

The Irish in America. By John 
Francis Maguire, M.P. for Cork. Post 
8vo. 12«. Qd. 

The Arch of Titus and the Spoils 

of the Temple ; an Historical and Criticiil 
Lecture, with Authentic Illustrations. By 
WiM.i.VM Knight, M.A. With 10 W'ood- 
cuts from Ancient Remains. Ito. lOj*. 

Curiosities of London ; exhibiting 
the most Rare and Remarkable Objects of 
Inter8.«it in the Metropolis; with nearly 
Sixty Years* Personal Recollections. By 
John Timus, F.S.A. New ^Edition, cor- 
rected and enlarged. 8vo- Portrait, 21s. 


Narratives of Shipwrecks of the 

Royal Navy between 1793 and 1857, com- 
piled from Official Documents in the Ad- 
miralty by W. 0. S. Gilly ; with a Preface 
by W. S. Gilly, D.D. 8d Edition, fcp. 5s. 

Visits to Remarkable Places : 

Old Halls, Battle-Fields, and Scenes illus- 
trative of Striking Passages in English 
History and Poetry. By William Howitt. 
2 vols. square crown 8vo. with Wood Eu- 
gravings, 25s. 

The Rural Life of England. 
By the same Author. With Woodcuts by 
Bewick and Williams. Medium 8vo. 12s. ci 

A Week at the Land’s End. 

By J. T. Buoht ; assisted by E. H. Rood, 
R. Q. Couch, and J. Ralfs. With Map 
and 96 W*oodcuts. Fcp. 6s. 6J. 


Works of Fiction. 


The Warden : a Novel. By Anthony ; 
'Proijlope, Crown 8vo. 2s. 6 J. 

Barchester Towers : a Sequel to *The ' 
Warden.* By the same Author, Crown 
8vo. 3s. C)iL 

Stories and Tales by the Author ; 

of * Amy Herbert,* uniform Edition, each , 
Tale or Story complete in a single volume, i 

Amy Hp.rbert, 2s. 6J. j Katharine Ashton, j 
Gertrude, 2s. 6J, 1 3s. 6J. | 

Earl’s Daughter, ' Margarf.t Perci- , 
2s. 6J. VAL, 6s. I 

Experience of Life, , Laneton Parson- 
2s. 6<i. AGE, 4s. G J. 

Cleve Hall, 3s. 6d Ursula, 4s. 6<i 
Ivors, 3s. Orf. 

A Glimpse of the World. By the Author 
of ‘ Amy Herbert.* Fcp. 7s. 6d. i 

The Journal of a Home Life. By the ' 
same Author. Post 8vo. 9s. 6t/. i 

After Life ; a Sc(iucl to the Mournal of a Home ! 
Life.’ By the same Author. Post 8vc. 

• [iVeaWy ready, ! 

Gallus ; or, Roman Scenes of the Time ! 
of Augustus : with Notes and Excursuses I 
illustrative of the Manners and Customs of ‘ 
the Ancient Romans. From the German of 
Prof. Becker. New Edit. Post 8vo, 7s. 6J. 

Charicles ; a Tale illustrative of Private 
Life among the Ancient Greeks : with Notes 
and Excursuses. From the German of Prof. 
Becker. New EditioS, Post 8vo, 7s. Gd. * 


Springdale Abbey : Extracts from 
the Letters and Diaries of an English 
Preacher. 8vo. 12s. 

The Six Sisters of the Valleys; 

an Historical Romance. By W. Bkamley- 
Moork, M.A. Incumbent of Gerrard’s Cross, 
Bucks. Fourth Edition, with 14 Ilhistra'.ions. 
Crown 8vo. 6s, 

Tales from Greek Mythology. 

By George W. Cox, M.A. late Scholar 
of Trin, Coll. Oxon. Second Edition. Square 
16mo. 3s. 6J. 

Tales of the Gods and Heroes. By the 
same Author. Second Edition. Fcp. 5s. 

Tales of Thebes and Argos. By the same 
Author. Fcp. 4s. 6cf. 

A Manual of Mythology, in the form of 
Question and Answer. By the same 
Author. Fcp. 3s. 

Cabinet Edition of Novels and 

Tales by By G. J. Whyte Melville 

The Gladiators : a Tale of Rome and Judaja. 

Crown 8vo. 6s. 

Digby Grand, os. 

Kate Coventry, 5^. 

General Bounce, 5s. 

Holmby House, 5s. 

Good for Nothing, 6s. 

The Queen’s Maries, 6s. 

The Interpreter, a Tale of the War. 

c 
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Poetry and 

Moore’s Poetical Works, Cheapest 
Editions complete in 1 vol. including the 
Autobiographical Prefaces and Author’s last 
Notes, which are still copyright. Crown 
8vo. ruby type, with Portrait, 6«. or 
People’s Edition, in larger type, 12«. 6d. 

Moore’s Poetical Works, as above. Library 
Edition, medium 8vo. with Portrait and 
Vignette, 14«. or in 10 vols. fcp. 3*. Qd. each. 

Moore’s Lalla Hookh, Tenniel’s Edi- 
tion, with 68 Wood Engravings from 
Original Drawings and other Illustrations. 
Fcp. 4to. 21s. 

Moore’s Irish Melodies, Maclise’s 
Edition, with 161 Steel Plates from Original 
Drawings. Super-royal 8vo. 31s. 6d. 

Miniature Edition of Moore’s Irisli 
MdodkSi with Maclise’s Illustrations, (as 
above) reduced in Lithography. Imp. 
16mo. 10s. 6d. 

Southey’s Poetioal Works, with 

the Author’s last Corrections and copyright 
Additions. Libraiy Edition, in 1 yoL 
medium 8vo. with Portrait and Vignette, 
14s. or in 10 vols. fcp. 3s. 6d. each. 

Lays of Ancient Borne ; with Ivry 
and the Armada. By the Right Hon. Lord 
Macaulay. 16mo. 4s. 6<L 

Iiord Macaulay’s Days of Ancient 
Rome. With 90 Illustrations on Wood, 
Original and from the Antique, from 
Drawings by G. Scharf. Fcp. 4to. 21s. 

Miniature Edition of liord Macaulay’s 
Lays of Ancient Rome, with Scharf’s Il- 
lustrations (as above) reduced in Litho- 
graphy. Imp. 16mo. 10s. Qd. 

Poems. By Jban Inoelow. Twelfth 
Edition. Fcp. 8vo. 6s, 

Poems by Jean Ingelow. A Now Edition, 
with nearly 100 Illustrations by Eminent 
Artists, engraved on Wood by the Brothers 
Dalziel. Fcp. 4to. 21s. 

A Story of Doom, and other Poems. By 
Jean Inqelow. Fcp. 6s. 

Poetical Works of Letitia Miza- 

beth Landon (L.E.L.) 2 vols. 16mo. 10s. 

Playtime with the Poets : a Selec- 
idon of the best English Poetiy for the use 
of Children. By a Lady. Crown 8vo. 6s. 


The Drama. 

Memories of some Contemporary 

Poets; with Selections from tlieir Writings. 
By Emily Taylou. Royal 18mo. 5s. 

Bowdler’s Family Shakspearo, 

cheaper Genuine Edition, complete in 1 vol. 
large type, with 36 Woodcut Illustrations, 
price 14s. or in 6 pocket vols. 3s. 6rf. each. 

Shakspeare’s Sonnets never be- 

j fore Interpreted ; his Private Friends iden- 
tified; together with a recovered Likeness 
, of Himself. By Gerald Massey. 8vo. 18s. 

Arundines Cami, sive Musarum Can- 
tabrigiensium Lusus Canori. Collegit atque 
edidit II. Drury. M.A. Editio Sexta, cu- 
! ravit H. J. Hodgson, M.A. Crown 8vo. 
price 7s, 6rf. 

i Horatii Opera, Library Edition, with 
! Copious English Notes, Marginal References 
I and Various Readings. Edited by the Kev. 
i J. E. Yonge, M.A. 8vo. 21s. 

Eight Comedies of Aristophanes, 

I viz. the Acharnians, Knights, Clouds, 
I Wasps, Peace, Birds, Frogs, and Plutus. 

Translated into Rhymed Metres by 
! Leonard-IIampsonRudd,M.A. 8vo. 15s. 

j The JEneid of Virgil Translated into 
j English Verse. By John Conington, 

' M.A. Corpus Professor of Latin in the Uni- 
versity of Oxford. Crown 8vo. 9s. 

I The Iliad of Homer Translated 

into Blank Verse. By Ichabod Charles 
Wright, M.A. 2 vols. crown 8vo. 2ls. 

The Iliad of Homer in English 

I Hexameter Verse. By J. Henry Dart, 
I M.A. of Exeter College, Oxford. Square 
crown 8vo» 21s. 

Dante’s Divine Comedy, translated 
in English Terza Rima by John Dayman, 
M.A. [With the Italian Tekt, after 
Snmetii^ interpaged.] 8vo. 21s. 

The Holy Child. A Poem in Four 
Cantos ; also an Ode to Silence, and other 
Poems. By S. Jenner, M.A. Fcp. 8vo. 6s. 

Poetical Works of John Edmund 

Reade ; with fina^ Revision and Additions. 
3 vols. fcp. 18s. or each vol. separately, 6s. 
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Rural SportSj ^c. 

Encyclopsedia of Bural Sports ; , The Cricket Field ; or, the History 


a Complete Account, Historical, Practical, 
and Descriptive, of Hunting, Shooting, 
Fishing; Racing, &c. By D. P. Blaine. 
With above 600 Woodcuts (20 from Designs 
by John Leech). 8vo. 42s. 

Col. Hawker’s Instructions to 

Young Sportsmen in all that relates to Guns 
and Shooting. Revised by the Author’s Son. 
Square crown 8vo. with Illustrations, 18«. 

The Rifle, its Theory and Prac- 
tice. By Arthur Walker (79th High- 
landers), Staff, Hytheand Fleetwood Schools 
of Musketry. Second Edition. Crown 8vo. 
with 125 Woodcuts, 5«. 

The Dead Shot, or Sportsman’s Complete 
Guide ; a Treatise on the Use of the Gun, 
Dog-breaking, Pigeon-shooting, &c. By 
Marksman. Fcp. with Plates, 5s. 

A Book on Angling : being a Com- 
plete Treatise on the Art of Angling in 
every branch, including full Illustrated 
. ‘ Lists of Salmon Flics. By Francis Francis. 
Second Edition, with Portrait and 15 other 
Plates, plain and coloured. Post8vo, 15«. j 

Ephemera’s Handbook of Ang- | 
ling ; Teaching Fly-fishing, Trolling, Bot- 
tom-fishing, Salmon-fishing j with the 
Natural History of River Fish. Fcp. 5s. | 

The Ply -Fisher’s Entomology, j 

By Alfred Ronalds. With coloured 
Representations of the Natural and Artifi- 
cial Insect. Sixth Edition ; with 20 
coloured Plates. 8vo. 14*. 

Youatt on the Horse. Revised and 
enlarged by W. Watson, M.R.C.V,S. 8vo. 
with numerous Woodcuts, 12*. 6c?. 

Youatt on the Dog. (By the same Author.) 
8vo. with numerous Woodcuts, 6*. 


j and the Science of the Game of Cricket. By 
James Pycroft,B.A. 4th Edition. Fcp. 5s. 

The Horse-Trainer’s and Sports- 
man’s Guide: with Considerations on the 
Duties of Grooms, on Purchasing Blood 
Stock, and on Veterinary Examination. 
By Digby Collins. Post 8vo. 6s. 

Blaine’s Veterinary Art : a Trea- 
tise on the Anatomy, Physiology, and 
Curative Treatment of the Diseases of the 
Horse, Neat Cattle, and Sheep. Seventh 
Edition, revised and enlarged by C. Steel. 
8vo. with Plates and Woodcuts, 18y. 

On Drill and Manesuvres of 

Cavalry, combined with Horse Artillery. 
By Major-Gcn. Michael W. Sjiith, C.B. 
8vo. 12*. 6(i. 

The Horse’s Foot, and how to keep 

it Sound. By W. Miles, Esq. 9th Edition, 
with Illustrations. Imp. 8vo. 12*. 6d. 

A Plain Treatise ou Horse-shoeing. By 
the same Author. Post 8vo. with Illustra- 
tions, 2*. G(i. 

Stables and Stable Fittings. By the same. 

Imp. 8vo. with 13 Plates, 16*. 

Hemarks on Horses’ Teeth, addressed to 
Purchasers. By the same. Post 8vo. Is. Gc?. 

The Dog in Health and Disease 
By Stonkhenoe. With 70 Wood En- 
gravings. New Edition. Square crowm 
8vo. 10*. C.i. 

The Greyhound. By the same Author. 
Revised Edition, with 24 Portraits of Grey- 
hounds. Square cro^vn 8vo. 21*. 

The Ox, his Diseases and their Treat 
ment ; with an Essay on Parturition in the 
Cow. By J. R. Dojjson, M.R.C.V.S. Crown 
8vo. with Illustrations, 7s. Qd, 


Commerce, Navigation, 

Banking, Currency, and the Ex- 

changes; a Practical Treatise. By Arthur 
Crump, Bank Manager, formerly of the 
Bank of England. Post 8vo. 6*. 

The Elements of Banking, By 
Henry Dunning Macleod, M.A. of Tri- 
nity College, Cambridge, and of the Inner 
Temple, Barrister-at-Law. Post 8yo. 

(ATear/y ready. 


and Mercantile Affairs. 

The Theory and Practice of 

Banking. By Henry Dunning Macleod, 
M.A. Barrister-at-Law. Second Edition, 
entirely remodelled. 2 vols. 8vo. 30*. 

A Dictionary, Practical, Theo- 
retical, and Historical, of Commerce and 
Commercial Navigation. By J. R, McCul- 
loch. New Edition in the press. 
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Elements of Maritime Inter- I 
iiutiontil Law. By Wili.iam Di 5 Button, j 
B A. of the Inner Temple, Barrister-at-I^w 
«v*o. I 

Papers on Maritime Legislation; ! 

with a Translation of the German Mercan- j 
tile Law relating to Maritime Commerce, j 
By KrnstEmil Wkndt. 8vo. 10«. 6d. i 

Practical Guide for British Ship- 
masters to United States Ports. By Pieb- 
KEroNT Edwards, Her Britannic Majesty’s 
Vice-Consul at Now York. Post 8vo. 8». 6d, 


Wbrh of Utility and 

modern Cookery for PriTste . 

Families, reduced to a System of Easy 
Practice in a Series of carefully -tested | 
Receipts By Eliza Acton. Newly re- i 
vised and enlarged; with 8 Plates, Figures, j 
and 150 Woodcuts. Fcp. 6«. 

On Food and its Digestion ; an j 
Introduction to Dietetics. By VV. Brinton, j 
M.D. Physician to St. Thomas’s Hospital, 
Ac, With 48 Woodcuts. Post 8vo. 12». 

Wine, the Vine, and the Cellar. 

By iSiOMAs G. Shaw. Second Edition, i 
revised and enlarged, with Frontispiece and j 
81 Illustrations on Wood. 8vo t6s. ! 

A Practical Treatise on Brewing ; ! 

with Formula for Public Brewers, and In- 
structions for Private Families. By W. ; 
BiJtcK. Fifth Edition. 8vo. 10*. 6d. | 

How to Brew Good Beer: a com- j 
plete Guide to the Art of Brewing Ale, ; 
Bitter Ale, Table Ale, Brown Stout, Porter, ; 
and Table Beer. By John Pitt. Revised , 
Edition. Fcp. 4s. 6rf. 

The Billiard Book. By Captain 
Ck.vwlky, Author of 'Billiards, its Theory 
and Practice,’ Ac. With nearlylOO Diagrams 
on Steel and Wood. 8vo. 213. 

Whist, What to Lead. By Cam. 
Third Edition. 32mo. Is. 

The Cabinet Lawyer; a Popular 
Digest of the Laws of England, Civil, 
Criminal, and Constitutional. 23rd Edition, 
entirely recomposed, and brought down by 
the Author to the close of the Parliamen- 
tary Session of 1867. Fcp. 10s, 6d. 

The PhiloBophy of Health ; or, an 
Exposition of the Physiological and Sanitary 
Conditions conducive to Human Longevity 
and Happiness. By Southwood Smiih, 
M.D. Eleventli Edition, revised and en- 
Hff.Tffflrftiri « wStb 113 Woodcuts. 8vo. 7*. C</. 


The Law of Hations Considered 

as Independent Political Communities. By 
Travers Twiss,* D.C.L. Regius Professor 
of Civil Law in the University of Oxford. 
2 vols. 8vo. 80s. or separately, Part I. Psacs, 
12s. Part II. War, 18s. 

A Hautical Dictionary, defining 

the Technical Language relative to the 
Building and Equipment of Sailing Vessels 
and Steamers, &c. By Arthur Young. 
Second Edition ; with Plates and 150 Wood- 
cuts. . 8vo, 18s. 


General Information. 

A Handbook for Headers at the 

British IMiiseum. By Thomas Nichols. 
Post 8vo. 6s. 

Hints to Mothers on the Manage- 
ment of their Health during the Period of 
Pregnancy and in the Lying-in Room. By 
T. Bull, M.D. Fcp. 6s. 

The Maternal Management of Children 
in Health and Disease. By the same 
Author. Fcp. 5s. 

Notes on Hospitals. By Florence 
Nightingale. Third Edition, enlarged; 
with 13 Plans. Post 4to. 18s. 

The Executor’s Guide. By J, C. 

Hudson. Enlarged Edition, revised by the 
Author, with reference to the latest reported 
Cases and Acts of Parliament. Fcp. Gs. 

The Law relating to Benefit 

Building Societies; with Practical Obser- 
vations on the Act and all the Cases decided 
thereon, also a Form of Rules and Forms of 
Mortgages. By W. Tidd Pratt, Barrister. 
2nd Edition. Fcp. 8s. 6d. 

Willich’s Popular Tables for As- 
certaining the Value of Lifehold, Lease- 
hold, and Church Property, Renewal 
Fines, &c. ; the Public Funds; Annual 
Average Price and Interest on Consols from 
1781 to 1861 ; Chemical, Geographical, 
Astronomical, Trigonometrical Tables, &c. 
Post 8vo. 10s. 

Decimal Interest Tables atTwent^r 

four Different Rates not exceeding Five per 
Cent. Calculated for the use of Bunkers. 
To which are added Commission Tables at 
One-eighth and One-fourth per Cent. By 
J. R. CouLTUART. New Edition. 8vo. 15s. 

Maunder’s Treasury of Know- 
ledge and Library of Reference : comprising 
an English Dictionary and Grammar, Uni- 
versal Gazetteer, Classical Dictionary, Chro- 
nology, Law Dictionary, Synopsis of the 
Peerage, useful Tables, &c. Fcp. 10s. 6rf. 
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Alpine Guido (The) 

AjyV i£ A' dLEjjJiiK S Maximilian in Mexico .... 

Ai’JoifA’s Manual of the Metalloids ...... 

Aujfoj.n’s Manual of English Literature . . 

Aunott’s Elements of Physics 

Arundincs Cami 

Autumn Holidays of a Country Parson .... 
Ayr k’s Treasury of Bible Knowledge. . . ; . . 


B.vc'OA’a Essays by AVirATEr.Y 

— • Life and Letters, by Spkudiao . . 
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Bai\ on the Emotions and Will 

^on the Senses and Intellect 

' on the Study of Character 
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-Guide to the Western Alps 
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Bakaaud’s Drawing from Nature 

Bayldon’s lUmts and Tillages 

Beaten Tracks 
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Be HTHOYEN’s Letters 
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Bramley-Mooee's Six Sisters of thcValleys 
Brande’s Dictionary of Science, Litei*aturc, 

and Art 

Bray’s (C.) Education of the Feelings .... 

Philost iphy of Necessity 

- On Force 

Brikton on Food and Digestion 

Bristow’s Glossary of Mineralogy 

Brodie’s Constitutional History 

(SirC. B.) Works 

Browne’s Exposition 39 Ai'ticles 

Buckle’s History of Civilisation 
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Bunsen (E. De) on Apocrypha: 15 

’s Keys of St. Peter 15 

Burke’s ATcissitudes of Families 4 

Burton’s Christian Church 3 

Cabinet Lawyer 20 

Calvert’s AVife’s Manual 15 

Cates’s Biographical Dictionary 3 

Cats and Farj.ie’s Moral Emblems 12 

Chorale Book for.Eiigland 11 

Christian School's and Scholars (» 

Clough’s Lives from Plutarch 2 

CoLENSO (Bishop) on Pentateuch and Book 

of Joshua 1.5. 

Collins's Horse Trainer’s Guide 19 

Commonplace Philosopher in Town and 

Country 6 

Coninoton’s Chemical Analysis 10 

- Translation of Virgil’s /Eneid IS- 
CoNTANSKAu’s Two FrciicU and English 

Dictionaries 6 

Conyuea re and How son 'sLifo and Epistles 

of St. Paul 11 

Cook’s Acts of t he Apostles 11 

Copj.and’h I>iclionai’y of Practical Medicine 1 1 
Couj.TiiART’s Decimal Interest Tables .... 20 

Cox’s Manual of Mythology 17 

Tales of the Great Persian AVar 2 

Tales from Greek Mythology 17 

Talcs of the Gods ami Heroes 17 

— Tales of Thebes and Argos 17 

Ckaavley’s Billiard Book 20 

Crest’s Enrycloptcdia of Civil Engine»‘ving 13 

Critical Essays of a Country Parson 6 

Crowe’s Histor\- of France 2 

Crump on Banking, &c 19 

Cuss A ns’s Gram liar of Heraldry 12 

Dart’s Iliad of Homer 18 

ITAvrigne's History of the Reformation in 

the time of Calvin 2 

Davii>SOn’s Introduction loNew Testament 11 

Da Amman’s Dante’s Divina Coinmedia 18 

Dead Shot (The), by Marksman 19 

De BuKQii’s Maritime International Lau . . 20 

De la Hive’s Treatise on Electricity 8 

De Morgan on Matter and Spirit 7 

De Tocqueville’s Democracy in America . 2 

Disraeli’s Speeches on Reform 5 

Dorson on the Ox 19 

Do 5 ’’E on Storms 8 

Dyer’s (’ity of Rome 2 

E AST lake’s Hints on Household Taste .... 12 

Epwardb’s Shipmaster’s Guide 20 

Elements of Botany - 9 
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Ellicott’s Commentary on Ephesians .... 14 
Destiny of the Creature 14 


Lectures on Life of Christ .... 14 
Commentary on Galatians .... 14 

Pastoral Epist. 14 

Philippians,&c. 14 

Thossalonians 14 


Engkj/s Introduction to National Music .. 11 

Essays and Reviews 15 

on Rcili^ion and Literature, edited by 

MaNxN INC,, First and Second Seiues . . 16 
Ewald’s History of Israel 14 

Fatrbaikn’s .Application of Cast and 

Wrought Iron to Building 13 

Information for Engineers .... 13 

Treatise on Mills and Millwork 13 

Paihhaikn on Iron Shipbuilding 13 

Fauraii’s Chapters on Language 5 

Felkin on Hosiery & Lace Manufactures.. • 13 

Ffoulkes’b Christendom’s Divisions 16 

Fliedner’s (Pastor) Life 4 

Francis’s Fisliing Book 19 

(Sir P.) Memoir and Journal .... 3 

Fhoude’s llistory of England 1 

— Short Studies C 

Gaxot's Elementary Physics 8 

G ii.lJE iiT and Cir u i{cniTJ/B Dolomite Moun- 
tains 16 

Girj/B Papal Drama 2 

Gilcy’s Sliipwr(?cks of the N.avy 17 

Goodeve’s Elements of Meehanism 13 

Gorle’s Questions o)i Browne’s Exposition 

of the 39 Articles 14 

Grant’s Ethics of Aristotle 4 

Graver Thoughts of a Country Parson ...... 0 

Gray’s Anatomy 11 

Greene’s Corals and Sea Jellies 7. 9 

Si)ongos andAnimalcuIae 9 

Grove on Correlation of Physical Forces .. 8 

G wilt’s Encyclopcedia of Architecture .... 12 

Handbook of Angling, by EruEMERA 19 

Hare on Election of Ileprcsentatives 6 

Harley and Brown’s Histological Deraon- 

strations 11 

HARTwra’s IIarinonie.s of Nature 9 

Polar World 9 

Sea and its laving Wonders .... 9 

Tropical World 9 

Hauoh ton’s Manual of Geology 8 

Hawker’s Instructions to Young Sports- 
men 19 

Hearn's Plutology 2 

on English Government 2 

Heltb’s Spanish Conquest ill America .... 2 

Henderson’s Folk-Ijore . 

Herschel's Essays from Reviews 10 

Outlines of Astronomy 7 

Preliminary Discourse on the 

Study of Natural Philosophy 8 

Hewitt on the Diseases of Women 10 

Hodgson’s Time and Space 7 

Holmes’s System of Surgery 10 

Hooker and Walker-Arnott’s British 

Flora 9 

Hopkins’s Hawaii 8 

Horne's Introduction to the Scriptures . . 14 
— ™ — CamMcn,dium of the Scriptures . . 14 


1 Horsley’s Manual of Poisons 9 

I Hoskyns’s Occasional Essays 7 

j How wc Spent the Summer 16 

I Howard’s Gymnastic Exercises 11 

! Ho WITT’S Australian Discovery 16 

j Rural Life of England 17 

, Visits to Remarkalilc Places .... 17 

! Hudson’s Executor’s Guido 20 

j Hughes’s Garden Architecture 13 

! (W.) Manual of Geography 7 

II ULLAil’s- History of- Modern Music 11 

— Transition Musical Lectures .... 11 

Sacred Music 11 

i HuMPncEYS’s Sciitiineiits of Shakspoarc . . 12 ' 

I Hutton’s Studies in Parliament . . 6 

I Hymns from Germanica 14 

I Ingelow’s Poems 18 

I Story of Doom 18 

j Icelandic Legends, Second Series 17 

I Jameson’s Tvegends of the Saints and Mar- 

I iyrs 12 

1 ' Legends of tiic Madonna 12 

j — Legends of the Monastic Orders 1 2 

Jameson and East juke’s History of Our 

1 Lord 12 

' Jenner’s Holy Child 18 

I Johnston’s Gazetteer, or General Geo- 
graphical Dictionary 7 

! 

Kaliscii’s Commentary on the Bible 5 

, Hebrew Grammar 5 

' Kbit it on Destiny of the World 14 

Knlfilment of Prophecy 14 

Keller’s Lake Dwellings of Switzerland .. 9 

Kestbven’s Domestic Medicine 11 

i Kirby and Spence’s Entomology 9 

' Knight’s Arch of Titus i7 

: ■ V . 

! Lady’s Tour round Monte Rosa *lir: 

; Landon’s (L.E. L.) Poetical Works 18 

I Latham’s English Dictionary 5 

1 Lawrence on Rocks 8 

Lecky’s History of Rationalism 3 

Leisure Hours in Town 6 

Lessons of Middle Ago 6 

Letters of Distinguished Musicians 4 


j Lewes’s Biographical History of Philosophy 3 
Liddell and Scott’s Greek-English Lexicon 6 

Abridged ditto 6 

I Life of Man Symbolised 12 

I Lindlet and Moore’s Treasury of Botany . 9 
I Longman’s Lectures on Histoiy of England £ 
Loudon’s Encyclopsedia of Agriculture .... 13 

- Gardening IS 

Plants 9 

, Trees and Shrubs 9 

j Cottage,Farm,and Villa Architecture 13 

I Lowndes’s Engineer’s Handbook 12 

' Lyra Domestica 16 

! Eucharistica 16 

Gerraanica 12, 16 

I Messianica 16 

Mystica 16 

Sacra 16 

Macaulay’s (Lord) Essays ’ 2 
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Macauxay’b History of England * 1 

Lays of Ancient Rome ...... 18 

; Miscellaneous Writings • • v • • . ® 

Speeches 5 

Works 1 

M /VC iJ’AJiliEN’s Lectures on Harmony H 

Macleod's Elements of Political Economy 4 

Dictionary of Political Economy 4 

Elcraon ts of Banki ng 19 

Theory and Practice of Banking 19 

McC V LLOcii’s Dictionary of Commerce .... 19 

Geographical Dictionary .... 7 

Magujue’s Irivsli in America l7 

Life of Father Mathew 3 

— Rome and its Rulers 3 

Malleso:s ’8 Frcftch in India 2 

XING on Holy Ghost 15 

’s England and Christendom .... 15 

Majish all’s Physiology 10 

M^ahshm vn’s History of India 2 

Life of Havelock 4 

Maiitjneau’s Endeavours after the Chris- 
tian Life 10 

Massey on Shakspeare’s Sonnets 18 

’s History of England '1 

M AssiNGUE rd’s History of the Reformation 3 

Mauxdek’s Biographical Treasury. 4 

Geographical Treasury 8 

Historical Treasury 3 

Scientiftc ai i<l Literary Treasury 9 

Treasury of Knowledge 20 

Treasury of Natural History •. . 9 

Maujuy’s Physical Geography 8 

May’s Constitutional Ilistory of England. . 1 

Melville’s Digby Grand 17 

General Bounce 17 

Gladiators 17 

Good for Nothing 17 

Holrahyllouso 17 

Interpreter 17 

— Kah; Coventry 17 

— Queen’s Maries 17 

l^liiuELSSoirN’s Letters 4 

(H.) Historical Studies 1 

* ((jj ji'jill of the Roman Republic 2 

— — ; Romans under the Empire 2 

Boyle Lectures 2 

Miles on Horse’s Foot and Horse Shoeing. 19 

on Horses’ Teeth and Stables ...... 19 

Ml on Liberty 4 

on Representative Government 4 

on Utilitarianism 4 

’s Dissertations and Discussions 4 

Political Economy 4 

System of Logic 4 

-Hamilton’s Philosophy 4 

Inaugural Address at St. Andrew’s . •b 

M iLLER’s Elements of Chemistry 10 

Mitchell’s Manual of Assaying 13 

' Moxsell’s Beatitudes 15 

His Pi-escnce not his Memory. . 15 

‘ Spiritual Songs ’ 16 

Montgomery on Pregnancy 10 

M oore’s I risli M elodics 18 

Lalla Rookh 18 

Journal and Correspondence .... 3 

Poetical Works 18 

— (Dr. G.) First Man 8 

Morelt/s Elements of Psychology 7 

* Mental Philosophy 7 

Mosn El M -8 Ecclesiastical History 15 


Mozart’s Letters 4 

MijLLER’s (Max) Chips from a German 

Workshop 7 

Lectures on the Science of Lan- 
guage 6 

(K. O.) Literature of Ancient 

Qrcec-c 2 

Murchison on Continued Fevers 10 

Mure’s Language and Literature of Greece 2 

Now Tcsianic.'t Illustrated with Wood En- 
gravings from the Old Masters 12 

Newman' 8 History of his Religious Opinions 3 
Nicholas’s Pedigree of the English People 6 
Nichols’s Handbook to British Museum. . 20 

Nightingale’s Notes on Hospitals 20 

Nilsson’s Scandinavia 9 

Odlikg’s* Animal Chemistry 10 

Couisso of Practical Cliemistiy . . 10 

Manual of Chemistry 10 

Original Designs for Wo.od Carving 12 

Owen’s Comparative Anatomy and Physio- 

lo^ of Vertebrate Animals 8 

Owen’s Lectures on the invertebrata 8 

Oxenham on Atonement 16 

Packe's Guide to the I’jtcuccs 16 

Paget’s Lectures on Surgical Pathology . . 10 

Pereira’s Manual of Materia Medica. 11 

Perkins’s Tuscan Sculptors 12 

PiriJiLiPs’s Guido to Geology 8 

Pictures in Tyrol 16 

Piesse’s Art of Perfumery 13 

Chemical, Natural, and Physical Mngic 13 

Pike’s English and their Origin 6 

Pitt on Brewing 20 

Playtime with the Poets 18 

Pratt’s Law of Building Societies 20 

PiiEsco it’s Scripture Dilliculties 14 

Proctor’s Handbook of the Stars 7 

Saturn 7 

Pyckoet’s Course of English Reading .... 6 

Cricket Field 19 

Raikks’s Englishman in India 17 

Raymond on Fishing williout Cruelty .... 18 

Reade’s Poetical Works 18 

Recreations of a Country Parson 6 

Reilly’s Map of Mont Blanc 16 

Rivers’s Rose Amateur’s Guide 9 

BogeKvS’s Correspondence of Greyson 7 

Eclipse of Faith 7 

Defence of Faith 7 

Essays from the Edinburgh Ee- 

view 7 

Reason and Faith 7 

Roget's Thesaurus of English Words and 

Phrases 6 

Ronalds’s Fly-Fisher’s Entomology 19 

Rowton’s Debtitcr 6 

Rudd’S Aristophanes 18 

Russell on Government and Constitution 1 

Sandars’s Justiniau’s Institutes 4 

SenuREUT's Life, translated by Coleridge 4 

Scott’s Lectures on the Fine Arts 11 

Skeuohm’s Oxford Reformers of 1498 2 

Sewell’s After Life 10 

Glimpse of the World 16 

- History of the Early Church .... 3 

- Journal of a Home Life ........ 17 
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Sewbll’s Passing Thoughti. on Religion 13 f 

I Preiiaration for Communion .... 15 

Principles of Education 15 

Readings for Confirmation 16 ^ 

Readings for Lent 15 i 

Examination for Confirmation .. 15 i 

Stories and Tales 17 

Shaw’s Work on Wine 20 

Shepherd’s Iceland 1® 

Shipley’s Church and the World 15 

Tracts for the Day *. 15 

Short WhNt 19 

Short’s Church History ® 

Smith's (So vthwood) Philosophy of Health 20 

(.T,) Paul’s Voyage and Shipwreck 14 

(G.) Reign of KingDavid 14 

■ " Wesleyan Methedisin 3 

(Sydney) Miscellaneous Works .. 0 

Moral Philosophy 6 

Wit and Wisdom fi 

Smith on Cavalry Drill and Manoeuvres — 10 

Southey’s (Doctor) 5 . 

Poetical AVorks 18 | 

Springdale Abbey 17 • 

St.a ni.et’s H istory of Rritish Birds 0 

Stkbbino’s Analysis of Mill’s Logic 5 

Stephen’s Essays in Ecclesiastical Bio- 
graphy 4’ 

Lectures on History of France 2 

Stirling’s Secret of Hegel 7 , 

Stonehenge on the Dog 19 \ 

— on the Greyhound 19 ; 

Stuangb on Sea Air 11 , 

Restoration of Heallli 11 

Sunday Afternoons at the Parish Church . . 6 ' 

Taylor’s (.Icromy) Works, edited by Eden 15 

(E.) Selections from some Ceii- ! 

temporary Poets IS | 

Tennent’s Ceylon 9 • 

— Wild Elephant » j 

ThirlwaIiL’s History of Greece 2 

TiMBs'a Curiosities of TiOndon 17 j 

Thomson’s (Archbishop) Laws of Thought 5 ^ 

(A. T.) Conspectus il 

Todd (A.) on Parliamentary Government . . 1 

’s Oyclopccdia of Anatomy and Physio- 
logy 11 

and Bowman’s Anatomy and Phy- 
siology of Man . . . .• 11 


lAoLLOPfi’g Bapclicster Towers 17 

Warden 17 

Twisa’s Law of Nations 20 

Tyndall’s Lecturas on Heat h 

Lectures on Sound H 

— Momoirof F4R4nAY 4 

Urb’s Dictionary of Arts, Manufactures, and 
Alines 13 

Van Dbr Hokyen’s Handbook of Zoology. . 8 

A'aughan’s (R.) Revolutions in English 

History 1 

Way to Rest 7 

Walker on the Rifle 19 

Ward’s AVorkmeu aiulAV’’ages 4 

AV A ISON ‘s Pri uciph s a nd Pract ice of Phy sic 10’ 

AV'atts's Dictionary of Clicin istry 1 o 

AVebm’S Objects for Common Telescopes — 7 

AVebster Si Wilkinson 's Greek Te^tament 13 

AVeld‘ 3 Florence lii 

AVei.ungton’s Life, by Gi.kig ;l 

AVklls on Dew s 
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